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Abstract
.
The purpose of this project is to make a survey about channel propa-
gation models in Air to Ground communications, also found in low altitude
Unmanned Aircraft Vehicles links. The project consists on gathering the
literature and research papers that studies and characterizes this field in
order to present and classify, in a concise and organized way, the results
and studies from the authors to obtain a clear vision of the state of the art
and the main factors behind the air to ground channel propagation. This
project also contains an overview of the history of channel modelling and




El propo`sit d’aquest projecte e´s realitzar una Survey sobre els models de
canals de propagacio´ en les comunicacions Air to Ground, tambe´ trobades
entre enllac¸os de aeronaus no tripulades (UAVs) i estacions terrestres. El
projecte consisteix en buscar la literatura i treballs d’investigacio´ que estu-
dien i caracteritzen aquest camp per tal de presentar i classificar, de forma
concisa i organitzada, els resultats i els estudis dels autors per obtenir una
visio´ clara de l’estat de l’art i els principals factors darrere dels models de
canal Air to Ground. Aquest projecte tambe´ conte´ una visio´ general de la
histo`ria de l’a`mbit d’estudi dels canals de comunicacio´ i futures investiga-




El propo´sito de este proyecto es realizar una Survey sobre los modelos de
canales de propagacio´n en las comunicaciones Air to Ground, tambie´n vistos
entre enlaces de aeronaves no tripuladas (UAVs) y estaciones terrestres. El
proyecto consiste en buscar la literatura y trabajos de investigacio´n que
estudian y caracterizan este campo para presentar y clasificar, de forma
concisa y organizada, los resultados y los estudios de los autores para obtener
una visio´n clara del estado de la arte y los principales factores detra´s de los
modelos de canal Air to Ground. Este proyecto tambie´n contiene una visio´n
general de la historia del a´mbito de estudio de los canales de comunicacio´n
y futuras investigaciones en este campo de estudio.
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M/
TT`QtBKiBQMb iQ bim/v i?2 ii2MmiBM; 7/BM; 2z2+i- r?B+? +QMbBbi2/ Q7  GBM2@Q7@aB;?i
UGPaV +QKTQM2Mi M/ QM2 bm`7+2 `2~2+iBQMX h?2 KmHiBTi? `2~2+iBQMb i?i // iQ i?2 KBM
GPa ǳ`vǴ r2`2 KQ/2HH2/ b ?pBM;  _vH2B;? 2Mp2HQT2X AM (ey) i?2 mi?Q`b HbQ +QMbB/2`-
/m2 iQ `2+2Mi bim/B2b i i?2 iBK2- iQ KQp2 i?2 /i HBMFb iQ ?B;?2` 7`2[m2M+B2b- bm+? b i?2 G
#M/ U≈ R@k :>xVX
JQ`2 : `2b2`+? ?b #22M T2`7Q`K2/ bTQ`/B+HHv i?`Qm;? i?2 Hii2` T`i Q7 i?2 kyi?
+2Mim`v rBi? T`Q;`2bbBp2Hv KQ`2 /2iBH2/ M/ /pM+2/ bim/B2b (Re- kR- 89) BM b2p2`H 7`2@
[m2M+v #M/b M/ /Bz2`2Mi :`QmM/ aiiBQM U:aV 2MpB`QMK2MibX b i2``2bi`BH bB;MHHBM;
rp27Q`K #M/rB/i?b M/ pBH#BHBiv `2[mB`2K2Mib BM+`2b2/ Qp2` i?Bb iBK2 T2`BQ/- :
+?MM2H KQ/2Hb HbQ #2+K2 KQ`2 +QKTH2tX Ai rBHH #2 `2[mB`2/- 7Q` 7mim`2 : +?MM2H KQ/2Hb




1H2+i`QK;M2iB+ rp2b T`QT;i2 i?`Qm;? 2MpB`QMK2Mib r?2`2 i?2v `2 `2~2+i2/- b+ii2`2/-
M/ /Bz`+i2/ #v rHHb- i2``BM- #mBH/BM;b- M/ Qi?2` Q#D2+ibX h?2 mHiBKi2 /2iBHb Q7 i?Bb
T`QT;iBQM +M #2 Q#iBM2/ #v bQHpBM; Jtr2HHǶb 2[miBQMb rBi? #QmM/`v +QM/BiBQMb i?i
2tT`2bb i?2 T?vbB+H +?`+i2`BbiB+b Q7 i?2b2 Q#bi`m+iBM; Q#D2+ibX h?2 KQbi +QKKQM M/
2MpB`QMK2Mi ++m`i2/ TT`QtBKiBQMb mb2 `v@i`+BM; i2+?MB[m2bX
JMv T`QT;iBQM 2MpB`QMK2Mib `2 iQQ +QKTH2t `2T`2b2Mi2/ rBi? `v i`+BM; KQ/2HbX AM
i?2b2 +b2b- Bi Bb +QKKQM iQ /2p2HQT MHviB+H KQ/2Hb #b2/ QM 2KTB`B+H K2bm`2K2MibX
P7i2M i?2 +QKTH2tBiv M/ p`B#BHBiv Q7 i?2 `/BQ +?MM2H KF2b Bi /B{+mHi iQ Q#iBM M
++m`i2 /2i2`KBMBbiB+ +?MM2H KQ/2HX 6Q` i?2b2 +b2b- biiBbiB+H KQ/2Hb `2 Q7i2M mb2/X ai@
iBbiB+H KQ/2Hb `2 KQbi ++m`i2 BM 2MpB`QMK2Mib rBi? 7B`Hv `2;mH` ;2QK2i`B2b M/ mMB7Q`K
/B2H2+i`B+ T`QT2`iB2b (ek)X
AM KQ#BH2 `/BQ +QKKmMB+iBQMb- i?2 2KBii2/ 2H2+i`QK;M2iB+ rp2b Q7i2M /Q MQi `2+?
i?2 `2+2BpBM; Mi2MM /B`2+iHv /m2 iQ Q#bi+H2b #HQ+FBM; i?2 GPa Ti?X AM 7+i- i?2 `2+2Bp2/
rp2b `2 bmT2`TQbBiBQM Q7 rp2b +QKBM; 7`QK /Bz2`2Mi /B`2+iBQMb /m2 iQ `2~2+iBQM- /Bz`+iBQM-
M/ b+ii2`BM; +mb2/ #v #mBH/BM;b- i`22b- M/ Qi?2` Q#bi+H2bX .m2 iQ KmHiBTi? T`QT;iBQM-
i?2 `2+2Bp2/ bB;MH +QMbBbib Q7 M BM}MBi2 bmK Q7 ii2Mmi2/- /2Hv2/- M/ T?b2@b?B7i2/ `2THB+b
Q7 i?2 i`MbKBii2/ bB;MH BM~m2M+BM; 2+? Qi?2`X
.m2 iQ i?2 .QTTH2` 2z2+i- i?2 bT2+i`mK Q7 i?2 i`MbKBii2/ bB;MH mM/2`;Q2b  7`2[m2M+v
2tTMbBQM /m`BM; i`MbKBbbBQMX h?Bb 2z2+i Bb +HH2/ 7`2[m2M+v /BbT2`bBQMX q2 rBHH T`QpB/2
 KQ`2 BM /2Ti? HQQF BMiQ i?2b2 +?MM2H 2z2+ib Hi2` QMX JQ#BH2 `/BQ +?MM2Hb i?2`27Q`2
;2M2`HHv #2HQM; iQ i?2 +Hbb Q7 HBM2` iBK2@p`BMi bvbi2KbX
h?2 ibF Q7 +?MM2H KQ/2HHBM; MQr Bb iQ `2+Q`/ M/ iQ KQ/2H i?2 KBM BM~m2M+2b QM bB;MH
i`MbKBbbBQM M/ iQ +`2i2  #bBb 7Q` i?2 /2p2HQTK2Mi Q7 i`MbKBbbBQM bvbi2Kb (kd)X
j
RXjX TTHB+iBQMb M/ bii2 Q7 i?2 `i
RXj TTHB+iBQMb M/ bii2 Q7 i?2 `i
TTHB+iBQMb 7Q` lMKMM2/ B`+`7i avbi2Kb UlaV BM+Hm/2- #mi `2 MQi HBKBi2/ iQ- bm`p2BH@
HM+2- 2`BH BK;BM;- Tm#HB+ b72iv M/ Hr 2M7Q`+2K2Mi- `M;2 2ti2MbBQM 7Q` i2``2bi`BH
M2irQ`Fb- BM/mbi`BH bm`p2vb- ;`B+mHim`H KM;2K2Mi- M/ b+B2MiB}+ KQMBiQ`BM; (jj)X *QM@
bmK2` TTHB+iBQMb rBHH HbQ `Bb2- b Kv bQK2 Q7 i?2 KQ`2 bT2+mHiBp2 TTHB+iBQMb- bm+? b
T+F;2 /2HBp2`v M/ ǴT2`bQMH laǴX L2r TTHB+iBQMb rBHH HbQ BM2pBi#Hv TT2` BM i?2
M2` 7mim`2 (9k)X
UV *m``2Mi M/ TQi2MiBH ;Qp2`MK2Mi TTHB+iBQMb
(dk)
U#V SQi2MiBH +QKK2`+BH TTHB+iBQMb (dk)
6B;m`2 RXR, Ahl T`QTQbH 7Q` ;Qp2`MK2Mi M/ mb2` TTHB+iBQMb BM i?2 mT+QKBM; v2`b
PM2 Q7 i?2 KQbi T`QKBbBM; 7mim`2 TTHB+iBQMb 7Q` lob Bb BM i?2 /2THQvK2Mi M/ bmTTQ`i
Q7 #`Q/#M/ rB`2H2bb +2HHmH` +QKKmMB+iBQMb BM ?B;? mb2` /2MbBiv `2b /m`BM; T2F /2KM/
2p2Mib Q` BM 2K2`;2M+v +b2b bm+? b Mim`H +HKBiB2b r?2`2 i?2 +QKKmMB+iBQM BM7`bi`m+@
im`2 Bb /K;2/ Q` mMmb#H2X
6mim`2 8: BKTH2K2MiiBQMb rBHH KQbi HBF2Hv BM+Hm/2 lob b miQMQKQmb +QKKmMB+iBM;
MQ/2b 7Q` T`QpB/BM; ?B;? bT22/ M/ HQr Hi2M+v +QKKmMB+iBQMb BM bQK2 2MpB`QMK2Mib Q`
bBimiBQMbX ZmH+QKK Bb i2biBM; i?2 TQbbB#BHBiv iQ BKTH2K2Mi lob b2`pB+2b BM +m``2Mi Gh1
M/ 7mim`2 8: KQ#BH2 TTHB+iBQMb (eR)X Ai Bb HbQ FMQrM i?i /Bz2`2Mi A111 3ykXRR T`QiQ+QHb
+M #2 bmTTQ`i2/ #v KQ#BH2 rB`2H2bb ++2bb TQBMib BM p`BQmb M2irQ`F iQTQHQ;B2b mbBM; lobX
*QKTMB2b HBF2 6+2#QQF ?p2 #22M 2tT2`BK2MiBM; /m`BM; i?2 Hbi v2`b rBi? lob +T#H2 Q7
bi`2KBM; KQ#BH2 #`Q/#M/ BMi2`M2i Qp2` `2KQi2 `2b i ?B;? bT22/b (kj) M/ HQr K`F2i +QbiX
b Q7 i?2 bii2 Q7 i?2 `i BM : +?MM2H KQ/2HHBM;- biiBbiB+H KQ/2Hb `2  TQTmH` H@
i2`MiBp2X h?2 +QKTH2tBiv Q7 i?2b2 +M `M;2 7`QK bBKTH2 2ti2MbBQMb Q7 i?2 irQ@`v KQ/2H
UǴ`M/QKBxBM;Ǵ i?2 bm`7+2 `2~2+iBQM KTHBim/2 M/fQ` T?b2V- iQ +QKTH2t KQ/2Hb i?i +QM@
iBM KMv iBK2@p`vBM; KmHiBTi? +QKTQM2Mib UJS*bVX PM2 /2bB`#H2 ii`B#mi2 Q7 KQ/2`M
KQ/2Hb Bb i?2 #BHBiv iQ mb2 i?2K BM +QKTmi2` bBKmHiBQMbX .Bz2`2Mi KQ/2H ivT2b i?i `2 #2@
BM; mb2/, aiQ`2/ *A_b- >B;? 6`2[m2M+v TT`QtBKiBQMb U;2QK2i`v #b2/V- aiQ+?biB+ KQ/2Hb-
M/ HbQ +QK#BMiBQMb Q7 i?2 #Qp2- HBF2 ;2QK2i`v@#b2/ biQ+?biB+ +?MM2Hb KQ/2Hb U:"J@
a*JaVX aQK2 Q7 i?2b2 TT`Q+?2b rBHH #2 Hi2` BMi`Q/m+2/ KQM; `2H qQ`H/ 2tT2`BK2Mib M/
bBKmHiBQMbX  
9
RX9X _2Hi2/ +?MM2H KQ/2Hb
RX9 _2Hi2/ +?MM2H KQ/2Hb
b r2 rBHH b22 Hi2` QM-  bi`QM; GPa BM i?2 B`@iQ@:`QmM/ +QKKmMB+iBQMb M/- BM KMv
+b2b-  bBM;H2 ;`QmM/ `2~2+iBQM- `2 i?2 KQbi BKTQ`iMi +?MM2H KQ/2H ivT2b b+2M`BQb i?i
`2 #2BM; bim/B2/ M/ +?`+i2`Bb2/X q2 +M `2Hi2 bQK2 Q7 i?2 rQ`F BM : +QKKmMB+iBQMb
rBi? h2``2bi`BH +?MM2H KQ/2HHBM;- b  biM/`/ rB`2H2bb +QKKmMB+iBQM BM +2HHmH` bvbi2KbX
>Qr2p2`- QM2 Q7 i?2 KBM KQiBpiBQMb iQ bim/v i?2 : +?MM2H Bb i?i Bi 2t?B#Bib /BbiBM+iHv
/Bz2`2Mi +?`+i2`BbiB+b 7`QK i?Qb2 Q7 Qi?2` r2HH bim/B2/ i2``2bi`BH +QKKmMB+iBQM +?MM2Hb
U7Q` 2tKTH2 i?2 m`#M +?MM2HVX
6B`bi Q7 HH- BM M : +QKKmMB+iBQM HBMF- i?2`2 Bb  ?B;?2` T`Q##BHBiv 7Q`  GPa T`QT@
;iBQM BM HKQbi HH bim/B2/ ;2QK2i`B+H b+2M`BQb- +mbBM;  `2/m+iBQM BM `2[mB`2/ i`MbKBi
TQr2` M/ HbQ H2/BM; iQ M BM+`2b2/ HBMF 2{+B2M+v M/ `2HB#BHBivX AM bQK2 +b2b- r?2`2
QMHv  MQM@GPa ULGPaV Ti? 2tBbib- B7 i?2 `2HiBp2 ?2B;?i /Bz2`2M+2 #2ir22M i?2 lo M/
:a Bb H`;2 2MQm;?- i?2 : +?MM2H Kv T`Q/m+2 bKHH2` /Bz`+iBQM M/ b?/QrBM; HQbb2b
i?M  ;`QmM/ iQ ;`QmM/ i2``2bi`BH +?MM2H HBMFX
>Qr2p2`- #2+mb2 bQK2 lo i`p2H i ?B;? bT22/b- i?2 : +?MM2H +M T`2b2Mi  ?B;?2`
+?M;BM; `i2 i?M ivTB+H i2``2bi`BH +QKKmMB+iBQM +?MM2Hbc i?2 KQ/2H T`K2i2`b UB7 i?2
+?MM2H Bb  biiBbiB+H KQ/2HV rBHH i?2M #2+QK2 MQM@biiBQM`v M/ i?2 KQ/2H rBHH MQi #2
`2HB#H2X
//BiBQMHHv- +QKKmMB+iBM; rBi?  lo Kv 7+2 KMv Qi?2` +?HH2M;2b M/ /B{+mH@
iB2b- `#Bi``v KQ#BHBiv Tii2`Mb- `2H@iBK2 +QMM2+iBQM 7Q` pQB/BM; +QHHBbBQM M/ +`b?2b (3R)X
h?Bb +HHb 7Q`  KQ`2 2z2+iBp2 `2bQm`+2 KM;2K2Mi M/ b2+m`Biv K2+?MBbKb i?M i?2 QM2b
+QKBM; 7`QK i2``2bi`BH +QKKmMB+iBQMb (3R- d- R)X Pi?2` bT2+B}+b i?i M22/ iQ #2 iF2M BMiQ
++QmMi 7Q` M 2`BH MQ/2 mbBM; lob `2 B`7`K2 b?/QrBM;- 2H2+i`QMB+ M/ K2+?MB+H
MQBb2 7`QK KQiQ`b M/ +B`+mBi`v- Mi2MM +?`+i2`BbiB+b UTQH`BxiBQM- bBx2- Q`B2MiiBQMVX Gi2`
T`ib Q7 i?Bb bm`p2v rBHH BM+Hm/2 HBi2`im`2 +BiiBQMb M/ 2tT2`BK2Mib Q7 i?2b2 +?HH2M;2bX
h?2 .QTTH2` 2z2+i +mb2/ #v i?2 p2?B+H2Ƕb bT22/ M/ i?2 KmHiBTH2 Ti? `2~2+iBQMb BM /Bz2`2Mi
T`QT;iBQM 2MpB`QMK2Mib `2 HbQ F2v }2H/b iQ /2i2`KBM2 i?2 +?`+i2`BbiBQM Q7 i?2 +?MM2HX
h?2b2 2z2+ib +M HbQ #2 7QmM/ BM i?2 KQ/2Hb mb2/ 7Q` p2?B+H2@iQ@p2?B+H2 +QKKmMB+iBQMb (9j)X
8
k : S`QT;iBQM +?MM2H
+?`+i2`BbiB+b
kXR 6`2[m2M+v #M/b
PM2 Q7 i?2 BKTQ`iMi M/ 7mM/K2MiH T`K2i2`b BM HH +QKKmMB+iBQM +?MM2Hb Bb i?2 7`2@
[m2M+v #M/ mb2/X Ai Bb FMQrM i?i T`QT;iBQM +?`+i2`BbiB+b `2 BM~m2M+2/ #v 7`2[m2M+v-
i?i Bb r?v i?2`2 ?b #22M M BMi2`2bi iQ biM/`/Bb2 M/ b2iiH2 i?2 QTiBKH #M/b 7Q` lo
HBMFb +QKKmMB+iBQMbX
: 7`2[m2M+v HHQ+iBQM
qBi? i?2 2K2`;BM; Q7 +BpBHBM lo TTHB+iBQMb- i?2`2 Bb  M22/ 7Q` biM/`/BbiBQM Q7 7`2@
[m2M+v #M/b mb2/ 7Q` lo +QKKmMB+iBQMbX >BbiQ`B+HHv bT2FBM;- : +QKKmMB+iBQMb BM
+BpBHBM 2`QMmiB+H HBMFb ?p2 #22M mbBM; .a"@J bvbi2Kb QM bQK2 bKHH b2;K2Mib Q7 i?2
o>6 #M/b /2T2M/BM; QM ;2Q;`T?B+H HQ+iBQMb- +QMp2`iBM; i?2 MHQ; KQ/mHiBQMb iQ M2r
/B;BiH /i HBMFb i?i +M bmTTQ`i mT iQ kk3y +?MM2Hb (ey)-(Re)X GQQFBM; i i?2 lo bvb@
i2Kb- i?2 +imH 2`QMmiB+H +QKKmMB+iBQMb 7`2[m2M+v HHQ+iBQM biM/`/b +MMQi bmTTQ`i
KQ/2`M B` iQ ;`QmM/ +QKKmMB+iBQM `2[mB`2K2Mib- KQbiHv #2+mb2 Q7 HQr /i `i2bX
h?2 `2b2`+? /QM2 BM lo : rB`2H2bb T`QT;iBQM +?MM2H Bb TQTmH`Hv +i2;Q`Bb2/ BM
irQ KDQ` /BpBbBQMbX SvHQ/ *QKKmMB+iBQMb M/ *QMi`QH M/ LQM@SvHQ/ *QKKmMB+@
iBQMbX JQbi Q7 i?2 HBi2`im`2 `272`b i?Qb2 b S* M/ *LS* `2bT2+iBp2HvX *LS* Bb mb2/ 7Q`
i2H2K2i`B+ M/ +QMi`QH bB;MHbX LQr/vb i?2`2 ?b #22M bm;;2biBQMb 7Q` M2r +BpBH pBiBQM
bvbi2Kb #Qmi bT2+i`mK HHQ+iBQM 7Q` *LS* i?i +M HbQ #2 mb2/ 7Q` lo HBMFb (Re)- bT2+B7@
B+HHv- i?2 G@#M/b .B;BiH 2`QMmiB+H *QKKmMB+iBQMb avbi2Kb HbQ FMQrM b G.*aX
h?2 `2;mHiQ`b BM la `2 THMMBM; iQ HHQ+i2 *LS* 7`2[m2M+B2b BM G M/ * #M/X h?2b2
7`2[m2M+v #M/b i?i Kv #2 mb2/ `2 HQ+i2/ BM i?2 bT2+i`mK, G@"M/ UyXN :>x iQ RXk
:>xV M/ *@"M/ U8Xyj :>x iQ 8XyNR :>xV (j8- jR- 8j)X
AM (jR)- i?2 mi?Q`b 2tTHBM /Bz2`2Mi mb;2b 7Q` *LS* bB;MHb, pB/2Q /i 7Q` HM/BM;fiF2 Qz
KMQ2mp`2b- i2H2K2i`B+ /i 7Q` i?2 ;`QmM/ biiBQM- M/ T2`BQ/B+ biimb bB;MHb /m`BM; ~B;?iX
e
kXRX 6`2[m2M+v #M/b
b 7Q` SvHQ/ +QKKmMB+iBQMb UL``Qr#M/ Q` qB/2#M/V- KQbi Q7 i?2 +imH TTHB+@
iBQMb 2KTHQv /Bz2`2Mi mMHB+2Mb2/ #M/b- bT2+BHHv i?2 Nyy J>x- kX9 :>x M/ 8X3 :>xX i i?2
KQK2Mi- i?2 7`2[m2M+v HHQ+iBQM Bb TTHB+iBQM /2T2M/Mi- ?Qr2p2`- BM  M2` 7mim`2 i?2`2 Bb
 M22/ 7Q`  biM/`/BbiBQM bBM+2 i?2b2 #M/b +M #2+QK2 +QM;2bi2/ M/ ?2pBHv BMi2`72`2/-
KQbiHv BM m`#M M/ bm#m`#M `2bX
h?2 TQTmH` A111 3ykXRRf#fM `/BQ bvbi2Kb +M #2 M 2bv BKTH2K2MiiBQM 7Q` lo HBMFbX
.2bTBi2 Bib bBKTHB+Biv- i?2b2 `/BQ i2+?MQHQ;B2b r2`2 MQi /2p2HQT2/ i BKBM; i?2 2`BH 2MpB@
`QMK2MiX h?2B` QT2`iBQMH `M;2 Bb HBKBi2/ #v i?2 i`MbKBii2` TQr2`- M/ i?2 bmTTQ`i2/ #Bi
`i2b +M #2 iQQ `2bi`B+iBp2 b BM i?2 +b2 Q7 A111 3ykXR8X9 UBM/2[mi2 7Q` pB/2Q bi`2KBM;V
(k)X
S`QT;iBQM *?`+i2`BbiB+b
b 7Q` T`QT;iBQM +?`+i2`BbiB+b- i`QTQbT?2`B+ ii2MmiBQMb HQbb2b 7`QK iKQbT?2`B+ ;b2b
M/ ?v/`QK2i2Q`b U`BM- bMQr- 2i+XV +M ;2M2`HHv #2 M2;H2+i2/ BM i?2 7`2[m2M+v `M;2 7`QK
Ryy J>x iQ 8 :>x M/- 2t+2Ti 7Q` ?2pv `BM- 2p2M mT iQ Ry :>xX q?B+? K2Mb i?i BM
lo B` iQ :`QmM/ HBMFb- Bi /Q2b MQi THv  KBM `QH2 BM i?2 ii2MmiBQM KQ/2Hb b22M QM i?2
HBi2`im`2X
6B;m`2 kXR, hQiH ii2MmiBQM 7`QK bT2+B}2/ ?2B;?iX Ahl@_ aiM/`/ iKQbT?2`2 UdX8 g/m3
ri2` pTQ` +QM+2Mi`iBQM i b2 H2p2HVX (9y)
6Q` ?B;?2` 7`2[m2M+v #M/b bm+? b KKqp2- iKQbT?2`B+ ii2MmiBQMb THv M BKTQ`iMi
`QH2 7Q` i?2 HBMF #m/;2i /2bB;MX 6mim`2 8: i2+?MQHQ;B2b Kv ?p2 M BMi2`2bi BM KKqp2
#M/b Uk9 :>x iQ 3e :>xV M/ lo TTHB+iBQMb +M Qz2` ;`2i bQHmiBQMb M/ BKT`Qp2K2Mib
iQ i?2 +m``2Mi HBKBiiBQMb, H`;2` #M/Br/i?b M/ i?`Qm;?Tmi- Km+? #2ii2` T`Qi2+iBQM ;BMbi
.QTTH2` 2z2+i ;2M2`i2/ #v ?B;? bT22/ lob- 2i+X
>Qr2p2`- Bi Bb biBHH /B{+mHi iQ }M/ `2b2`+? `2;`/BM; +?MM2H KQ/2HHBM; BM+Q`TQ`iBM; i`QTQ@
bT?2`B+ ii2MmiBQM 2biBKiBQM /2bB;MbX
AM i?2 7`2[m2M+v `M;2 #Qp2 Ry :>x- b b22M BM 6B;m`2 kXR- irQ HQbb 2z2+ib #2+QK2 BKTQ`iMi
BM irQ +QMbB/2`#H2 HQbb T2Fb U`QmM/ kR :>x M/  +`BiB+H T2F i ey :>xVX h?2 }`bi
Bb /m2 iQ ;b2b- bT2+B}+HHv ri2` pTQm` M/ Qtv;2M- r?Qb2 KQH2+mH2b 2t?B#Bi `2bQMM+2b i
i?2b2 7`2[m2M+B2b M/ +M i?2`27Q`2 +QMp2`i 2M2`;v 7`QK i?2 i`MbKBii2/ rp2 BMiQ ?2i- i?mb
+mbBM; i?2 rp2 iQ #2 ii2Mmi2/X h?2 b2+QM/ Bb /m2 iQ ?v/`QK2i2Q`b- i?i Bb- HB[mB/ Q` bQHB/
ri2`- bm+? b `BM- bMQr- M/ 7Q;- rBi? `BM ;2M2`HHv i?2 KQbi BKTQ`iMi #2+mb2 HB[mB/ ri2`
#bQ`#b KQ`2 bi`QM;Hv i?M B+2 BM i?2 KB+`Qrp2 7`2[m2M+v `M;2X h?2b2 #M/b +M bmz2` 7`QK
H`;2 i`QTQbT?2`B+ ii2MmiBQMb M/  +QMbB/2`#H2 Ti? HQbb- KQbiHv i?2v rBHH #2 2KTHQv2/ BM
b?Q`i : `M;2 HBMFbX
d
kXRX 6`2[m2M+v #M/b
GQr HiBim/2 2tT2`BK2Mib BM i?2 HBi2`im`2
q?2M Bi +QK2b iQ KQ/2HHBM; Q7 i?2 : +?MM2H- /Bz2`2Mi 7`2[m2M+B2b `2 #2BM; mb2/ BM }2H/
2tT2`BK2Mib iQ ++QKTHBb?  T`2+Bb2 U2KTB`B+H Q` MQiV KQ/2HX 6B;m`2 kXk b?Qrb bQK2 Q7 i?2
+QKKQM 7`2[m2M+v #M/b mb2/ BM 2tT2`BK2Mib M/ +?MM2H KQ/2HBM; BM i?2 HBi2`im`2 (je- ee-
dN- dd- Rk- 9- k- e9- j3- 8R)X
b r2 +M b22- MQi HH Q7 i?2 i?2K `2 #2BM; ?2H/ BM i?2 mT+QKBM; biM/`/ #M/b UG@"M/
M/ *@"M/V- bQK2 Q7 i?2 2tT2`BK2Mib M/ /i +[mBbBiBQM +KTB;Mb ?p2 #22M 2t2+mi2/ BM
mMHB+2Mb2/ #M/bX h?2`2 Bb M BKTQ`iMi `2b2`+? }2H/ #Qmi i?2 #2?pBQm` Q7 2tBbiBM; A111
3ykXRR rB`2H2bb biM/`/b rBi? lo UGQr HiBim/2 BM i?Bb +b2V HBMF +QKKmMB+iBQMb- bim/v@
BM; i?`Qm;?Tmi- .QTTH2` 2z2+ib- iBK2@/2Hvb M/ i?2 +T+Biv Q7 ?QH/BM;  M2irQ`F #2ir22M
B`+`7ib KQM; Qi?2`bX
6B;m`2 kXk, 6`2[m2M+v #M/b mb2/ BM HQr HiBim/2 2tT2`BK2Mib BM i?2 HBi2`im`2
h?2 AMi2`MiBQMH h2H2+QKKmMB+iBQMb lMBQM UAhlV BM i?2 `2+2Mi v2`b ?b #22M Tm#@
HBb?BM; `2+QKK2M/iBQMb 7Q` la +QKKmMB+iBQMb (dk)X 1p2M i?Qm;? i?2`2 Bb MQ /2}MBiBp2
biM/`/BbiBQM 7Q` 7`2[m2M+v #M/ b2H2+iBQM- bQK2 bim/B2b M/ /2KQMbi`iBQMb ?p2 #22M
K/2 7Q` /Bz2`2Mi HBMF T`K2i2`b,
h?`Qm;?Tmi
6Q` HQr HiBim/2 B`+`7ib, oB/2Q bi`2KBM; TTHB+iBQMb ≈ 270kb/s- a2MbBM; TTHB+iBQMb
9.12kb/sX
6Q` ?B;? HiBim/2 B`+`7ib, oB/2Q bi`2KBM; TTHB+iBQMb ≈ 27kb/s- a2MbBM; TTHB+iBQMb
9.12kb/sX
*LS* "M/rB/i?
6Q` i2``2bi`BH GPa bvbi2Kb, j9 J>x- r?B+? kjX8R J>x `2 7Q` *LS*- M/ kjX8k J>x 7Q`
a2MbBM;X
LmK#2` Q7 lo T2` Ryyyy km2
aKHH B`+`7ib, 3yjR p2`;2X
G`;2 B`+`7ib, yX99 p2`;2X
3
kXkX Si? GQbb KQ/2Hb
kXk Si? GQbb KQ/2Hb
J2MiBQM; Q7 i?2 ii2MmiBQM `Bb2b i?2 [m2biBQM Q7 r?i 2t+iHv +QMbiBimi2b  +?MM2H KQ/2HX
6B`bi- ii2MmiBQM UQ` Ti? HQbbV Bb i?2 bBM;H2 KQbi BKTQ`iMi 72im`2 Q7  +?MM2H KQ/2H- b
i?Bb /2i2`KBM2b `2[mB`2/ i`MbKBi TQr2`b M/ +?B2p#H2 HBMF /BbiM+2b 7Q`  `2[mB`2/ pHm2
Q7 i?2 bB;MH@iQ@MQBb2 `iBQ UaL_VX AM KMv : +b2b- Ti? HQbb +M #2 2bBHv 2biBKi2/ #v
7`22@bT+2 HQbb UpB i?2 Friis i`MbKBbbBQM 2[miBQMV- i H2bi 7Q` i?2 GPa +QKTQM2Mi Q7 i?2
`2+2Bp2/ : bB;MHX h?2 Ti? HQbb BM 7`22 bT+2 Bb r2HH FMQrM b
L(d)[dB] = 20 log 4πd
λ
, UkXRV
r?2`2 d Bb i?2 HBMF /BbiM+2- M/ λ Bb i?2 rp2H2M;i? +``B2`- 2[mH iQ cf - rBi? c i?2 bT22/ Q7
HB;?i M/ f i?2 7`2[m2M+v (ek)X
lbmHHv Ti? HQbb KQ/2Hb `2 +QKTH2i2/ mbBM; biiBbiB+b 7Q` i?2 +?`+i2`BbiBQM Q7 7/@
BM;X a?/QrBM; Bb HbQ FMQrM b ǳQ#bi`m+iBQMǴ Q` ǳ#HQ+F;2-Ǵ M/ 7Q` KQbi i2``2bi`BH- :-
M/ bi2HHBi2 +?MM2Hb- i?Bb Bb /m2 iQ #mBH/BM;b Q` i2``BMX q2 rBHH bim/v i?2 7/BM; 2z2+ib M/
KQ/2Hb Hi2` QMX q2 rBHH +?`+i2`Bb2 i?2 /Bz2`2Mi b?/QrBM; 2z2+ib M/ KQ/2Hb BM i?2 :
+?MM2HX
6`22 bT+2 Ti? KQ/2H
h?2 7`22 bT+2 T`QT;iBQM KQ/2H Bb mb2/ iQ T`2/B+i `2+2Bp2/ bB;MH bi`2M;i? r?2M i?2 i`Mb@
KBii2` M/ `2+2Bp2` ?p2  +H2`- mMQ#bi`m+i2/ GPa Ti? #2ir22M i?2KX B` iQ :`QmM/ bvbi2Kb
ivTB+HHv 7QHHQrb- b bB/- 7`22 bT+2 T`QT;iBQMX
b rBi? KQbi H`;2@b+H2 `/BQ rp2 T`QT;iBQM KQ/2Hb- i?2 7`22 bT+2 KQ/2H T`2/B+ib i?i
`2+2Bp2/ TQr2` /2+vb b  7mM+iBQM Q7 i?2 h@_ b2T`iBQM /BbiM+2 `Bb2/ iQ bQK2 TQr2`X h?2
7`22 bT+2 TQr2` `2+2Bp2/ #v  `2+2Bp2` Mi2MM r?B+? Bb b2T`i2/ 7`QK  `/BiBM; i`MbKBii2`
Mi2MM #v  /BbiM+2 d- Bb ;Bp2M #v i?2 Friis 7`22 bT+2 2[miBQM-
Pr(d) = PtGtGrλ2(4πd)2L , UkXkV
Q` BM HQ;`Bi?KB+ mMBib-
Pr[dB] = 10 logPT + 10 logGTGR − 20 log 4πd
λ
− 10 logL.
>2`2 Pt Bb i?2 i`MbKBii2/ TQr2`- Pr(d) Bb i?2 `2+2Bp2/ TQr2` b  7mM+iBQM Q7 i?2 h@_
b2T`iBQM- Gt Bb i?2 i`MbKBii2` Mi2MM ;BM- Gr Bb i?2 `2+2Bp2` Mi2MM ;BM- d Bb i?2 h@_
b2T`iBQM /BbiM+2 BM K2i2`b- L Bb i?2 bvbi2K HQbb 7+iQ` MQi `2Hi2/ iQ T`QT;iBQM UL ≥ 1V
M/ λ Bb i?2 rp2H2M;i? Q7 i?2 bB;MH BM K2i2`bX h?2 KBb+2HHM2Qmb HQbb2b L mbmHHv +QMbBbi
Q7 i`MbKBbbBQM HBM2 ii2MmiBQM HQbb2b- }Hi2` HQbb2b- M/ Mi2MM KBbHB;MK2Mi HQbb2b BM i?2
+QKKmMB+iBQM bvbi2KX  pHm2 Q7 L = 1 BM/B+i2b i?i i?2`2 Bb MQ HQbb BM i?2 bvbi2K `2Hi2/
iQ T`QT;iBQM (ek)X
h?2 Friis 7`22 bT+2 2[miBQM UkXkV b?Qrb i?i i?2 `2+2Bp2/ TQr2` 7HHb Qz b i?2 b[m`2
Q7 i?2 h@_ b2T`iBQM /BbiM+2X h?Bb BKTHB2b i?i i?2 `2+2Bp2/ TQr2` /2+vb rBi? i?2 /BbiM+2
i  `i2 Q7 ky db/decadeX
h?2 Ti? HQbb- r?B+? `2T`2b2Mib bB;MH ii2MmiBQM b  TQbBiBp2 [mMiBiv K2bm`2/ BM /"-
Bb /2}M2/ b i?2 /Bz2`2M+2 #2ir22M i?2 2z2+iBp2 i`MbKBii2/ TQr2` M/ i?2 `2+2Bp2/ TQr2`-
M/ Kv Q` Kv MQi BM+Hm/2 i?2 Mi2MM ;BMbX h?2 Ti? HQbb 7Q` i?2 7`22 bT+2 KQ/2H r?2M
Mi2MM ;BMb `2 BM+Hm/2/ Bb ;Bp2M #v
PL[dB] = 10 log Pt
Pr
= −10 log GTGRλ2(4πd)2 = −10 logGTGR + 20 log 4πdλ . UkXjV
N
kXkX Si? GQbb KQ/2Hb
Ai Bb +H2` i?i 2[miBQM UkXjV /Q2b MQi ?QH/ 7Q` d = 0X 6Q` i?Bb `2bQM- H`;2@b+H2 T`QT@
;iBQM KQ/2Hb mb2  +HQb2@BM /BbiM+2- d0- b  FMQrM `2+2Bp2/ TQr2` `272`2M+2 TQBMiX h?2
`2+2Bp2/ TQr2`- Pr(d)- i Mv /BbiM+2 d > d0- Kv #2 `2Hi2/ iQ Pr i d0X 1tT`2bb2/ BM dBW
M/ mbBM; i?2 `272`2M+2 /BbiM+2 d0
Pr(d)[dBW ] = 10 logPr(d0) + 20 log d0
d
d ≥ d0 ≥ df
h?2 `272`2M+2 /BbiM+2 d0 7Q` T`+iB+H bvbi2Kb mbBM; HQr@;BM Mi2MMb BM i?2 R@k :>x
`2;BQM Bb ivTB+HHv +?Qb2M iQ #2 BM i?2 `M;2 Q7 1µm iQ 1m 7Q` BM/QQ` 2MpB`QMK2Mib M/ 100m
iQ 1km 7Q` Qmi/QQ` 2MpB`QMK2MibX AM KQbi Q7 i?2 HBi2`im`2 Q7 : +?MM2H 2tT2`BK2Mib- Bi Bb
+QKKQM iQ +?QQb2 1m 7Q` HQr HiBim/2 HBMFbX
b 7Q` df - r2 mb2 i?2 bQ +HH2/ Fraunhofer /BbiM+2 iQ ;Bp2 M mTT2` #QmM/`v iQ d0X Ai Bb
/2}M2/ b df = 2D2λ - r?2`2 D `2T`2b2Mib i?2 H`;2bi /BK2MbBQM Q7 i?2 i`MbKBii2` Mi2MM iQ
bbm`2  7`@}2H/ T`QT;iBQM HBMFX h?2 QMHv +QM/BiBQM iQ 7mH}HH Bb df >>DX 6Q` lo KQmMi2/
Mi2MMb- D mbmHHv Bb bKHH 2MQm;? UbBM+2 Bi Bb +QKKQM iQ mb2 λ/4 KQMQTQH2b- /Bb+mbb2/ Hi2`
BM Mi2MM _2b2`+?V i?i df /Q2b MQi `2[mB`2  T`2+Bb2 /2bB;MX
GQ;@.BbiM+2 Ti? KQ/2H
"Qi? i?2Q`2iB+H M/ K2bm`2K2Mi@#b2/ T`QT;iBQM KQ/2Hb BM/B+i2 i?i p2`;2 `2+2Bp2/
bB;MH TQr2` /2+`2b2b HQ;`Bi?KB+HHv rBi? /BbiM+2X h?2 p2`;2 H`;2@b+H2 Ti? HQbb 7Q` M
`#Bi``v h@_ b2T`iBQM Bb 2tT`2bb2/ b  7mM+iBQM Q7 /BbiM+2 #v mbBM;  Ti? HQbb 2tTQM2Mi-
nX
L[dB] = L(d0) + 10n log d
d0
, UkX9V
r?2`2 L(d0) Bb ;Bp2M #v UkXRV #v +H+mHiBM; i?2 HQbb i  /BbiM+2 d0X
q?2M iHFBM; #Qmi : Ti? HQbb KQ/2Hb- Bi Bb +QKKQM iQ KQ/2H i?2 Ti? HQbb mbBM;
i?2 T`QT;iBQM Q7 7`22 bT+2 U`2Hi2/ iQ i?2 GBM2 Q7 aB;?i +QKTQM2Mi Q7 i?2 HBMFV M/ i?2
GQ;@.BbiM+2 KQ/2HX h?2 pbi KDQ`Biv Q7 : +?MM2H KQ/2HHBM; bim/B2b ?p2 mb2/ bBKBH`
KQ/2Hb (9d- Rj- dR- 8k)X
Ry
kXkX Si? GQbb KQ/2Hb
6HQiBM; AMi2`+2Ti KQ/2H
 bBKBH` KQ/2H i?i Bb HbQ mb2/ Bb 6HQiBM; AMi2`+2Ti- r?2`2 i?2 7`22 bT+2 Ti? HQbb i
`272`2M+2 /BbiM+2 Bb bmTT`2bb2/ M/ MQr i?2 KQ/2H /2T2M/b QM irQ T`K2i2`b α- βX AM (e)-
FI KQ/2H ?b ;Bp2M ++m`i2 `2bmHib iQ /2i2`KBM2 i?2 Ti? HQbb BM  `m`H 2MpB`QMK2MiX h?2
;2M2`B+ FI KQ/2H Bb ;Bp2M #v-
PL(d)[dB] = α10 log(d) + β,
r?2`2 i?2 T`K2i2`b α- β ?p2 #22M KQ/2HH2/ b  7mM+iBQM Q7 i?2 lo ?2B;?i M/ 2KTB`B+H
+Q2{+B2Mib bm+? i?i
α(hu) =max(pα1 + pα2 log(hu),2), UkX8V
β(hu)[dB] = pβ1 + pβ2 log(min(hu, hFSPL)). UkXeV
AM UkX8V- α(hu) Bb M 2biBKiBQM Q7 i?2 Ti? HQbb 2tTQM2Mi b  7mM+iBQM Q7 i?2 lo ?2B;?i
M/ 2KTB`B+H T`K2i2`b 7QmM/ #v HBM2 }iiBM; i2+?MB[m2bX
b 7Q` UkXeV- β(hu) Bb /2}M2/ b i?2 BMi2`+2BTi TQBMi Ui?i ;Bp2b i?2 MK2 iQ i?2 KQ/2HV rBi?
i?2 HBM2 d = 1X h?2 pHm2b p `2 Q#iBM2/ #b2/ QM i?2 }2H/ K2bm`2K2Mib M/ hFSPL Bb i?2
?2B;?i r?2`2 7`22 bT+2 T`QT;iBQM Bb bbmK2/ Uγ = 2VX
.mH aHQT2 KQ/2H
aBKBH` 6HQiBM; AMi2`+2Ti SG KQ/2Hb #mi rBi?  /mH bHQT2 KQ/2H `2 HbQ mb2/ BM i?2 HBi2`im`2
(N- 98)- r?2`2  i?`2b?QH/ /BbiM+2 Bb mb2/ iQ /Bz2`2MiBi2 HBMF ii2MmiBQMbX AM (N)- i?2 /mH
bHQT2 KQ/2H 7QHHQr2/ i?2 2[miBQM-
PL[dB] =
⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
PL(d0) + 10n1 log d
d0
, 7Q` d < d0- UkXdV
PL(d0) + 10n1 log db
d0
+ 10n2 log d
db
, 7Q` d ≥ db- UkX3V
r?2`2 d Bb i?2 h@_ /BbiM+2- d0 Bb i?2 `272`2M+2 /BbiM+2- db Bb i?2 #`2FTQBMi /BbiM+2- M/
n1 M/ n2 /2MQi2 i?2 Ti? HQbb 2tTQM2Mib #27Q`2 M/ 7i2` db `2bT2+iBp2HvX A7 n1 = n2- r2 ?p2
i?2 ;2M2`H Ti? HQbb KQ/2H b22M BM UkX9VX
RR
kXkX Si? GQbb KQ/2Hb
:`QmM/ _2~2+iBQM Ti? KQ/2H UhrQ@_v KQ/2HV
aQK2iBK2b BM : HBMFb- /2T2M/BM; QM i?2 2MpB`QMK2Mi- Bi Bb MQi ++m`i2 iQ /2b+`B#2 i?2 Ti?
HQbb- M/ i?2 7`22 bT+2 T`QT;iBQM KQ/2H Q7 UkXjV Bb BM KQbi +b2b BM++m`i2 r?2M mb2/
HQM2X h?2 k@`v ;`QmM/ `2~2+iBQM KQ/2H b?QrM BM 6B;m`2 kXj Bb  mb27mH T`QT;iBQM KQ/2H
i?i Bb #b2/ QM ;2QK2i`B+ QTiB+b- M/ +QMbB/2`b #Qi? i?2 /B`2+i Ti? M/  ;`QmM/ `2~2+i2/
T`QT;iBQM Ti? #2ir22M i`MbKBii2` M/ `2+2Bp2`X AM i2``2bi`BH HBMFb- i?Bb KQ/2H ?b #22M
7QmM/ iQ #2 `2bQM#Hv ++m`i2 7Q` T`2/B+iBM; i?2 H`;2@b+H2 bB;MH bi`2M;i? Qp2` /BbiM+2b Q7
b2p2`H FBHQK2i`2b 7Q` KQ#BH2 `/BQ bvbi2Kb i?i mb2 iHH iQr2`b U?2B;?ib ;`2i2` i?M 8yKV b
r2HH b 7Q` GPa KB+`Q+2HH +?MM2Hb BM m`#M 2MpB`QMK2MibX
6B;m`2 kXj, hrQ@`v b+?2K (ek)
A7 r2 /2p2HQT i?2 2H2+i`B+ }2H/b Q7 i?2 ;2QK2i`B+ bi`m+im`2 Q7 i?2 b+2M`BQ- i?2 Ti? HQbb 7Q`
i?2 irQ `v KQ/2H +M #2 2tT`2bb2/ BM /" b-
PL[dB] = 20 log 4πd
λ
− 20 log[∣ 1 + Γv,ce−j 2π△Rλ ∣],
r?2`2 Γv,c Bb i?2 +m`p2/ 1`i? `2~2+iBQM +Q2{+B2Mi- M/ BM bQK2 bT2+B}+ +b2b U/2T2M/BM; QM
i?2 i2``BMV Bi `2T`2b2Mib i?2 a2 bm`7+2 +Q2{+B2MiX AM +b2 Q7 i?2 irQ `v KQ/2HBM;- bQK2
`2TQ`ib `2 mbBM; i?2 KQ/2H 7Q` +?`+i2`BbiBQM Q7 i?2 : +?MM2H (9R- 99- 9N- 98- 9k)X
1KTB`B+H JQ/2Hb
JQbi `/BQ T`QT;iBQM KQ/2Hb `2 /2`Bp2/ mbBM;  +QK#BMiBQM Q7 MHviB+H M/ 2KTB`B+H
K2i?Q/bX h?2 2KTB`B+H TT`Q+? Bb #b2/ QM }iiBM; +m`p2b Q` MHviB+H 2tT`2bbBQMb i?i
`2+`2i2  b2i Q7 K2bm`2/ /iX h?Bb ?b i?2 /pMi;2 Q7 BKTHB+BiHv iFBM; BMiQ ++QmMi HH
T`QT;iBQM 7+iQ`b- #Qi? FMQrM M/ mMFMQrM- i?`Qm;? +imH }2H/ K2bm`2K2MibX >Qr2p2`-
i?2 pHB/Biv Q7 M 2KTB`B+H KQ/2H i i`MbKBbbBQM 7`2[m2M+B2b Q` 2MpB`QMK2Mib Qi?2` i?M
i?Qb2 mb2/ iQ /2`Bp2 i?2 KQ/2H +M QMHv #2 2bi#HBb?2/ #v //BiBQMH K2bm`2/ /i BM i?2
M2r 2MpB`QMK2Mi i i?2 `2[mB`2/ i`MbKBbbBQM 7`2[m2M+vX Pp2` iBK2- bQK2 +HbbB+H T`QT@
;iBQM KQ/2Hb ?p2 2K2`;2/- r?B+? `2 MQr mb2/ iQ T`2/B+i H`;2@b+H2 +Qp2`;2 7Q` KQ#BH2
+QKKmMB+iBQM bvbi2Kb /2bB;MX
h?2`2 ?b #22M bQK2 K2bm`2K2Mi +KTB;Mb BM /Bz2`2Mi 2MpB`QMK2Mib BM Q`/2` iQ 2ti`+i
 HQ+H +?MM2H KQ/2H 7Q` i?i bT2+B}+ b+2M`BQX h?i Bb i?2 +b2 Q7 (k9)- r?2`2 i?2 mi?Q`b
/2`Bp2/  Ti? HQbb M/ b?/QrBM; KQ/2H 7Q` M m`#M b+2M`BQ M/ 2ti`TQHi2 Bi iQ  rB/2
`M;2 Q7 7`2[m2M+B2b 7`QK kyy J>x iQ 8 :>xX JQbi Q7 i?2b2 2KTB`B+H KQ/2Hb `2 /2p2HQT2/
7`QK b2ib Q7 K2bm`2K2Mib M/ `v i`+BM; bBKmHiBQMbX
Rk
kXkX Si? GQbb KQ/2Hb
6Q` lo +QKKmMB+iBQM HBMFb- Bi ?b #22M  i`2M/ iQ /2p2HQT +?MM2H KQ/2Hb b  7mM+iBQM
Q7 2H2piBQM M;H2 iQ i?2 B`#Q`M2 `i?2` i?M i?2 +QKKQM i2``2bi`BH /BbiM+2 b2T`iBQMX  AM
(k9)- i?2 mi?Q`b mb2/  bBKTHB}2/ HQ;@/BbiM+2 UkX9V- bim/B2/ #27Q`2X
LQr d0 rBHH #2+QK2 2H2piBQM@/2T2M/Mi bm+? i?i dd0 = 1sin(θ) - /2}MBM; θ b  2H2piBQM M;H27`QK i?2 ;`QmM/ i2`KBMH,
L2(θ)[dB] = Lf(d0) − 10n log sin(θ), d ≥ d0 UkXNV
6Q` 2H2piBQM M;H2b θ > 10○- UkX9V +M #2 KQ/B}2/ b
L(θ)[dB] = Lf(d0) −L2(θ), θ > 10○,
r?2`2
L2(θ)[dB] = α0 + α1e 90−θβ .
Ai Bb rQ`i? K2MiBQMBM; i?i i?2 mi?Q`b /Bz2`2MiBi2 i?`22 /Bz2`2Mi +?MM2Hb bm+? b GPa-
P#bi`m+i2/ GBM2 Q7 aB;?i UPGPaV M/ LGPaX
GPa `2[mB`2b  /B`2+i Ti? rBi? bm{+B2Mi +H2`M+2 Q7 i?2 }`bi 6`2bM2H xQM2X A7 i?2 /B`2+i Ti?
Bb T`iBHHv ii2Mmi2/ #v 7QHB;2 QMHv- i?2 +?MM2H Bb /2}M2/ b PGPaX A7 i?2 /B`2+i Ti? Bb
#HQ+F2/ #v QM2 Q` KQ`2 #mBH/BM;b- i?2 +?MM2H Bb `2;`/2/ b LGPaX
_2bmHib mbBM; HBM2@}iiBM; H;Q`Bi?Kb b?Qr i?i 7Q` GQa- i?2 Ti? HQbb +M #2 KQ/2HH2/ b
L2,LoS(θ)[dB] = −20 log sin(θ),
+HQb2 iQ i?2 7`22 bT+2 KQ/2HX
6Q` PGPa +?MM2Hb- /Bz2`2Mi α0- α1- β pHm2b ?p2 #22M 7QmM/ 7Q` /Bz2`2Mi 7`2[m2M+B2bX
6Q` LGPa i?2v /2`Bp2/  bBKBH` Si? GQbb 2[miBQM
L(d, θ)[dB] = Lf(d) +L3(θ) θ > 10○,
r?2`2
L3(θ)[dB] = η0 + η1e− 90−θυ ,
rBi? i?2 M2r T`K2i2`b 2biBKi2/ mbBM; HBM2@}iiBM; H;Q`Bi?KbX
a2H2+iBQM Q7  bmBi#H2 Si? GQbb KQ/2H 7Q`  ;Bp2M : T`QT;iBQM b+2M`BQ Bb TBpQiHX
b b22M- BM KQbi Q7 i?2 HBi2`im`2- 7`22 bT+2 HQ;@MQ`KH Ti? HQbb KQ/2H Bb mb2/ 7Q` Bib
bBKTHB+Biv M/ `Q#mbiM2bb BM /Bz2`2Mi 2MpB`QMK2MibX o`BiBQMb Q7 i?2 HBMF +?`+i2`BbiB+b Kv
/2p2HQT BM i?2 mb2 Q7  /Bz2`2Mi KQ/2H- bm+? b i?2 FI KQ/2H Q` .mH aHQT2 KQ/2HbX 1KTB`B+H
p`BiBQMb Q7 i?2b2 KQ/2Hb `2 HbQ mb2/ 7Q` bT2+B}+ b+2M`BQbX >Qr2p2`- /m2 iQ H+F Q7 Mv
biM/`/BbiBQM i?2b2 KQ/2Hb +M #2 /2T2M/2Mi QM i?2 2MpB`QMK2Mi M/ HQQb2 i?2 biM/`/
;2M2`H pB2r Q7 Qi?2` +HbbB+H KQ/2HbX
Rj
kXjX 6/BM; BM : +?MM2H KQ/2Hb
kXj 6/BM; BM : +?MM2H KQ/2Hb
AM //BiBQM iQ Ti? HQbb-  bB;MH rBHH ivTB+HHv 2tT2`B2M+2 `M/QK p`BiBQM /m2 iQ #HQ+F;2
7`QK Q#D2+ib BM i?2 bB;MH Ti? M/fQ` KQp2K2Mi Q7 i?2 i`MbKBii2` M/ `2+2Bp2`- ;BpBM; `Bb2 iQ
 `M/QK p`BiBQM #Qmi i?2 Ti? HQbb i  ;Bp2M /BbiM+2X AM //BiBQM- +?M;2b BM `2~2+iBM;
bm`7+2b M/ b+ii2`BM; Q#D2+ib +M HbQ +mb2 `M/QK p`BiBQM #Qmi i?2 Ti? HQbbX h?mb- 
KQ/2H 7Q` i?2 `M/QK ii2MmiBQM /m2 iQ i?2b2 2z2+ib Bb HbQ M22/2/X aBM+2 i?2 HQ+iBQM- bBx2-
M/ /B2H2+i`B+ T`QT2`iB2b Q7 i?2 #HQ+FBM; Q#D2+ib b r2HH b i?2 +?M;2b BM `2~2+iBM; bm`7+2b
M/ b+ii2`BM; Q#D2+ib i?i +mb2 i?2 `M/QK ii2MmiBQM `2 ;2M2`HHv mMFMQrM- biiBbiB+H
KQ/2Hb `2 rB/2Hv mb2/ iQ +?`+i2`Bx2 i?Bb ii2MmiBQMX
G`;2 b+H2 7/BM;
S`QT;iBQM KQ/2Hb i?i T`2/B+i i?2 K2M bB;MH bi`2M;i? 7Q` M `#Bi``v i`MbKBii2`@`2+2Bp2`
Uh@_V b2T`iBQM /BbiM+2 `2 mb27mH BM 2biBKiBM; i?2 `/BQ +Qp2`;2 `2 Q7  i`MbKBii2`X
h?2v +?`+i2`Bx2 bB;MH bi`2M;i? Qp2` H`;2 h@_ b2T`iBQM /BbiM+2X
q?2M `2+?BM; i?2 KQ#BH2 biiBQM- i?2 1J@rp2 rBHH ?p2 i`p2HH2/ i?`Qm;? /Bz2`2Mi Q#bi`m+@
iBQMb bm+? b #mBH/BM;b- imMM2Hb- ?BHHb- i`22b- 2i+X h?Bb Bb +HH2/ i?2 b?/QrBM; 2z2+iX h?2
`2+2Bp2/ bB;MH Pr- r?2M K2bm`2/ BM /2+B#2Hb- ?b  MQ`KH /2MbBiv 7mM+iBQMX h?mb Pr Bb
KQ/2HH2/ b  `M/QK p`B#H2 M/ mbmHHv 7QHHQrb i?2 biQ+?biB+ HQ;MQ`KH /Bbi`B#miBQMX
aKHH b+H2 7/BM;
aKHH b+H2 7/BM; Bb mb2/ iQ /2b+`B#2 i?2 `TB/ ~m+imiBQM Q7 i?2 KTHBim/2 Q7  `/BQ bB;MH
Qp2`  b?Q`i T2`BQ/ Q7 iBK2 Q` i`p2H /BbiM+2X 6/BM; Bb +mb2/ #v BMi2`72`2M+2 #2ir22M irQ Q`
KQ`2 p2`bBQMb Q7 i?2 i`MbKBii2/ bB;MH r?B+? ``Bp2 i i?2 `2+2Bp2` i bHB;?iHv /Bz2`2Mi iBK2X
h?2b2 rp2b- +HH2/ KmHiB Ti? rp2b- +QK#BM2 i i?2 `2+2Bp2` Mi2MM iQ ;Bp2  `2bmHiMi
bB;MH r?B+? +M p`v rB/2Hv BM KTHBim/2 M/ T?b2X h?2 `2+2Bp2/ bB;MH TQr2` Kv p`v #v
b Km+? b i?`22 Q` 7Qm` Q`/2`b Q7 K;MBim/2 Ujy Q` 9y /"V r?2M i?2 `2+2Bp2` Bb KQp2/ #v
QMHv  7`+iBQM Q7  rp2H2M;i?X
GQ;@MQ`KH /Bbi`B#miBQM
b b22M BM KQbi Q7 i?2 HBi2`im`2- 7/BM; +?`+i2`BbiBQM BM : +?MM2Hb Bb KQ/2HH2/ 2Bi?2` b
 :mbbBM /Bbi`B#miBQM- HbQ +HH2/ MQ`KH /Bbi`B#miBQM- Q` HQ;@MQ`KH /Bbi`B#miBQMX








h?2 HQ; MQ`KH /Bbi`B#miBQM Bb /2}M2/ #v irQ T`K2i2`b, µψdB M/ σψdB X aBM+2 #HQ+FBM;
Q#D2+ib +mb2 bB;MH ii2MmiBQM- µψdB Bb Hrvb MQMM2;iBp2X
6Q` KQ#BH2 bvbi2Kb- KQbi Q7 i?2 2KTB`B+H bim/B2b 7Q` Qmi/QQ` +?MM2Hb bmTTQ`i  biM@
/`/ /2pBiBQM σψdB `M;BM; 7`QK 8 iQ Rk /" BM +2HHmH` K+`Q+2HHb M/ 9 /" iQ Rj /" BM
KB+`Q+2HHb (3- kk)X
h?2 K2M TQr2` µψdB /2T2M/b QM i?2 Ti? HQbb M/ #mBH/BM; T`QT2`iB2b BM i?2 `2 mM/2`
+QMbB/2`iBQMX h?2 K2M TQr2` µψdb p`B2b rBi? /BbiM+2 /m2 iQ Ti? HQbb M/ i?2 7+i i?i
p2`;2 ii2MmiBQM 7`QK Q#D2+ib BM+`2b2b rBi? /BbiM+2 /m2 iQ i?2 TQi2MiBH 7Q`  H`;2`
MmK#2` Q7 ii2MmiBM; Q#D2+ibX
R9
kXjX 6/BM; BM : +?MM2H KQ/2Hb
h?2 _B+2M /Bbi`B#miBQM M/ E@6+iQ`
A7 i?2 +?MM2H ?b  }t2/ GPa +QKTQM2Mi i?2M i?2 `2+2Bp2/ bB;MH 2[mHb i?2 bmT2`TQbBiBQM Q7
 +QKTH2t :mbbBM +QKTQM2Mi M/  GPa +QKTQM2MiX h?2 bB;MH 2Mp2HQT2 BM i?Bb +b2 +M
#2 b?QrM iQ ?p2  _B+2M /Bbi`B#miBQM (kR)- ;Bp2M #v
pz(z) = z
σ2





r?2`2 2σ2 = ∑n,n≠0E[α2n] Bb i?2 p2`;2 TQr2` BM i?2 MQM@GPa KmHiBTi? +QKTQM2Mib M/
s2 + α02 Bb i?2 TQr2` BM i?2 GPa +QKTQM2MiX h?2 7mM+iBQM I0 Bb i?2 KQ/B}2/ "2bb2H 7mM+iBQM





E@7+iQ` K2bm`2K2Mib BM : +?MM2Hb
aKHH b+H2 KTHBim/2 7/BM; BM : T`QT;iBQM +?MM2Hb mbmHHv 7QHHQrb  _B+2M /Bbi`B#miBQM
/m2 iQ i?2 T`2b2M+2 Q7  GPa +QKTQM2MiX b b22M BM UkXRyV- i?2 _B+2M E@7+iQ` Bb /2}M2/
b i?2 `iBQ Q7 i?2 /QKBMMi +?MM2H +QKTQM2Mi TQr2` iQ i?2 TQr2` Q7 i?2 bmK Q7 HH Qi?2`
`2+2Bp2/ +QKTQM2MibX h?2 E@7+iQ` Bb Q7i2M mb2/ iQ +?`+i2`Bx2 i?2 : +?MM2H KTHBim/2
7/BM;X AM (89)- b ;2M2`HHv 2tT2+i2/- i?2 mi?Q`b 7QmM/ i?i i?2 E@7+iQ` BM+`2b2/ HQM; i?2
2H2piBQM M;H2X
6/BM; KQ/2Hb BM : *?MM2H aim/B2b
h?2 lo +QKKmMB+iBQM bvbi2Kb ?p2 #Qi? i?2 i`MbKBii2` M/ `2+2Bp2` BM KQiBQM rBi?
bB;MB}+MiHv /Bz2`2Mi 2H2piBQMb- M/ i?2 ?B;? KQ#BHBiv M/ KQpBM; /B`2+iBQM Q7 lob `2
bB;MB}+Mi M/ mMB[m2 7+iQ`b iQ i?2 +QKKmMB+iBQM T2`7Q`KM+2X 6Q` i?2 bvbi2K /2bB;M- Bi Bb
M2+2bb`v iQ ?p2  /2iBH2/ mM/2`biM/BM; Q7 i?2 lo 7/BM; +?MM2H M/ Bib biiBbiB+H T`QT@
2`iB2bX b K2MiBQM2/- i?2 KQbi +QKKQM KQ/2H 7Q` i?Bb //BiBQMH ii2MmiBQM Bb HQ;@MQ`KH
b?/QrBM;X
aQK2 `2TQ`ib BM : +?MM2H bim/B2b rBHH /Bz2`2MiBi2 GPa M/ LGPa KQ/2HbX AM (d9) i?2
LGPa +b2- +QMbB/2`b M //BiBQMH bKHH@b+H2 UQ7i2M KQ/2HH2/ b _vH2B;?V 7/BM; i2`K
BM //BiBQM iQ i?2 H`;2 b+H2 HQ;@MQ`KH 7/BM;X MHQ;QmbHv- i?2 GPa KQ/2Hb 7Q` G@"M/
M/ *@"M/ U7`2[m2M+v #M/b BK2/ 7Q` i?2 7mim`2 biM/`/BbiBQM Q7 lo bvbi2KbV +M
BM+Q`TQ`i2 _B+2M bKHH b+H2 2z2+ib (8y)- 7Q` H`;2 b+H2 7/BM;- i?2v HbQ mb2  HQ;@MQ`KH
/Bbi`B#miBQM iQ KQ/2H i?2 b?/QrBM; 2z2+iX
JQ`2 `2TQ`ib Q7 Ti? HQbb KQ/2Hb BM+Hm/BM; b?/QrBM; `2 (ee) r?2`2 HQ+HHv- i?2 `2+2Bp2/
bB;MH Bb _B+2 /Bbi`B#mi2/ rBi? ;2M2`HHv HQr K@7+iQ`bX h?2 _B+2 /Bbi`B#miBQM bbmK2b i?2
T`2b2M+2 Q7  bi`QM;- +Q?2`2Mi +QKTQM2Mi THmb  /Bzmb2 +QMi`B#miBQMX
AM (89)- b K2MiBQM2/ #27Q`2- i?2 mi?Q`b bim/v i?2 biiBbiB+H /Bz2`2M+2 #2ir22M GPa M/
LGPa b+2M`BQbX
J2bm`2K2Mib M/ +QM+Hm/BM; KQ/2Hb 7Q` i?2 8 :>x #M/ ?p2 #22M `2TQ`i2/ BM (dR)X 
x2`Q K2M :mbbBM /Bbi`B#mi2/ p`B#H2 Bb mb2/ iQ KQ/2H i?2 b?/QrBM;X h?2 mi?Q`b HbQ
/Bz2`2MiBi2 #2ir22M iF2 Qz- HM/BM; M/ 2M@`Qmi2 bi;2b- r?B+? T`QpB/2b  #2ii2` mM/2`@
biM/BM; Q7 i?2 biiBbiB+H MHvbBb Q7  ?B;? HiBim/2 lo bvbi2KX
AM (je)- H`;2 b+H2 7/BM; Bb HbQ KQ/2HH2/ b  x2`Q@K2M :mbbBM /Bbi`B#mi2/ p`B#H2X
.Bz2`2Mi ?2B;?i ~B;?ib ?p2 #22M K2bm`2/ 7Q` M lq" +QKKmMB+iBQM- QMHv BM GPa b+2M`@
BQbX Gi2` QM i?2v BM+Hm/2  .QTTH2` 2z2+i +QMi`B#miBQM BM i?2 SG KQ/2H Ubim/B2/ Hi2` BM i?2
R8
kXjX 6/BM; BM : +?MM2H KQ/2Hb
bm`p2vVX
AM (k9)- /Bz2`2Mi b?/QrBM; KQ/2Hb ?p2 #22M +QMbB/2`2/ iQ }M/ r?i #2bi }ib i?2 :
+?MM2H KQ/2H 7Q` /Bz2`2Mi 7`2[m2M+v #M/b M/ lo ?2B;?ibX h?2 bim/v rb HbQ K2MiBQM2/
BM i?2 Ti? HQbb KQ/2HHBM; +?Ti2`X
G2/BM; iQ i?2 +QM+HmbBQM i?i  LQ`KH /Bbi`B#miBQM }ib #2ii2` i?M  b?B7i2/ HQ;@LQ`KH
/Bbi`B#miBQM- BX2X HQ; (AL[dB] +C)- r?2`2 C `2T`2b2Mib i?2 b?B7i Q7  _vH2B;? /Bbi`B#miBQMX
h?2 mi?Q`b ?p2 HbQ KQ/2HH2/ i?2 7/BM; /Bbi`B#miBQM /2pBiBQM 7`QK i?2 2H2piBQM M;H2 θ
Q7 i?2 B`#Q`M2-
σs[dB] = ρ(90 − θ)γ




.QTTH2` b?B7ib M/ bT`2/ Kmbi HbQ #2 +QMbB/2`2/ 7Q` bT2+B}+ +QKKmMB+iBQM TTHB+iBQMb (jy)X
6Q`  ;Bp2M b2iiBM;- M QTiBKmK lo ?2B;?i Kv M22/ iQ #2 +QMbB/2`2/ 7Q` KBMiBMBM; GPa
BM i?i 2MpB`QMK2Mi (kN)X
AM +QMi`bi iQ i?2 ii2MmiBQM +?`+i2`BbiB+b- +QKT`2/ rBi? HQr2` 7`2[m2M+v #M/b- KKqp2
#M/b Qz2`  H`;2 KQmMi Q7 #M/rB/i?- r?B+? Bb i?2B` T`BK`v TT2H 7Q` 8: +2HHmH` bvbi2KbX
G`;2 #M/rB/i?b +M #2 KQ`2 `Q#mbi iQ i?2 H`;2` pHm2b Q7 .QTTH2` b?B7i M/ .QTTH2` bT`2/
2M+QmMi2`2/ rBi? lob KQpBM; i ?B;? p2HQ+BivX
h?2 .QTTH2` b?B7i 2z2+i
.m2 iQ lo KQiBQM- i?2`2 `2 .QTTH2` 7`2[m2M+v b?B7ib i?i /2T2M/ QM i?2 p2HQ+Biv Q7 i?2
lo M/ i?2 ;2QK2i`vX >B;?2` .QTTH2` 7`2[m2M+v T`2b2Mib  T`Q#H2K B7 i?2 /Bz2`2Mi bB;MH
Ti?b `2 bbQ+Bi2/ rBi? H`;2Hv /Bz2`2Mi .QTTH2` 7`2[m2M+B2b- vB2H/BM; H`;2 .QTTH2` bT`2/X
h?Bb +M ?TT2M B7 i?2 B`+`7i Bb `2HiBp2Hv +HQb2 iQ i?2 :aX A7 i?2 B`+`7i Bb 7m`i?2` rv 7`QK
i?2 :a- M/ i bm{+B2Mi HiBim/2- i?2 Ti?b b?QmH/ HH ?p2  p2`v bBKBH` .QTTH2` 7`2[m2M+v
b?B7ib b i?2 Q#D2+ib BM i?2 +HQb2 bm``QmM/BM;b Q7 i?2 :a +mbBM; i?2 KmHiBTi? +QKTQM2Mib iQ
#2 b22M HH mM/2` bBKBH` M;H2b 7`QK i?2 B`+`7iX
1z2+i +QMbB/2`iBQM BM lo bvbi2Kb
.QTTH2` b?B7ib +M BMi`Q/m+2 +``B2` 7`2[m2M+v Qzb2ib U*6PV M/ BMi2`@+``B2` BMi2`72`2M+2- 2b@
T2+BHHv 7Q` Q`i?Q;QMH 7`2[m2M+v /BpBbBQM KmHiBTH2tBM; UP6.JV BKTH2K2MiiBQMbX h?2`2 `2
b2p2`H bim/B2b i?i +QMbB/2` KQ/2HHBM; Q7 .QTTH2` bT`2/ (89) M/ bQK2 Q7 i?2K rBHH #2 BMi`Q@
/m+2/ 7i2`r`/bX aQK2 +?MM2H ++2bb H;Q`Bi?Kb bm+? b KmHiB +``B2` +Q/2 /BpBbBQM KmHiBTH2
++2bb U*.JV- ?p2 #22M b?QrM iQ #2 `Q#mbi ;BMbi .QTTH2` bT`2/ BM : T`QT;iBQM
(dR)X h?2 7`2[m2M+v b?B7i BMi`Q/m+2/ #v i?2 KQp2K2Mi Q7 i?2 B`+`7i Bb Q7i2M /2b+`B#2/ b
fDoppler = ( v
λ
)cos(ξ), UkXRRV
r?2`2 UkXRRV v Bb i?2 `2HiBp2 p2HQ+Biv Q7 i?2 B`+`7i- λ Bb i?2 +``B2` rp2H2M;i? M/ ξ i?2
M;H2 #2ir22M i?2 ~B;?i /B`2+iBQM M/ i?2 :a /B`2+i Ti?X
B`@:`QmM/ .QTTH2`@/2Hv bT`2/ bT2+i`mK 7Q` /2Mb2 b+ii2`BM; 2MpB`QMK2Mib (jy)
h2``BM #b2/ .QTTH2`@/2Hv bT`2/ KQ/2H M/ bBKmHiBQMb 7Q` B`@;`QmM/ .QTTH2` /2Hv bT`2/
KQ/2HX >2B;?ib `M;BM; 7`QK dyy iQ R8yy K2i2`b M/ B`+`7i p2HQ+BiB2b `QmM/ Rk KfbX h?2
bim/B2b `2 KBMHv 7Q+mb2/ 7Q` B` MQ/2b `i?2` i?M KQpBM; B`+`7ibX
h?2 lo GQr 1H2piBQM S`QT;iBQM *?MM2H BM l`#M `2b (ee) AM i?Bb `2TQ`i
i?2 mi?Q`b T`2b2Mi  KQ/2H 7Q`  M``Qr#M/ : +?MM2H iBK2@b2`B2b ;2M2`iQ` BM Q`/2` iQ
+?`+i2`Bx2 i?2 m`#M 2MpB`QMK2MiX h?2 .QTTH2` 2z2+i Bb iF2M BMiQ ++QmMi 7Q` i?2 HQr




JQ/2H M/ aBKmHiBQM Q7 L``Qr#M/ :`QmM/@iQ@B` 6/BM; *?MM2H "b2/ QM
J`FQp S`Q+2bb (de) AM i?Bb `2TQ`i  KQ/2H M/ bBKmHiBQM Q7 M``Qr#M/ : +?MM2H Bb
T`2b2Mi2/- i?2 mi?Q`b QTi 7Q`  brBi+?BM; KQ/2H iQ +?`+i2`Bx2 i?2 7/BM; +?MM2H U#2ir22M
_B+2 M/ GQQ KQ/2HVX .QTTH2` 2z2+ib QM i?2 +?MM2H +?`+i2`BbiB+b `2 HbQ KQ/2HH2/ iQ
2{+B2MiHv brBi+? #2ir22M i?2 T`Q+2bb2bX h?2v ?p2 bim/B2/ i?2 TQr2` bT2+i`H /2MbBiv //2/
#v i?2 .QTTH2` 2z2+i 7Q` #Qi? i?2 _B+2 M/ i?2 GQQ KQ/2HX
lq" *?MM2H aQmM/BM; M/ JQ/2HBM; 7Q` lo B`@iQ@:`QmM/ S`QT;iBQM
*?MM2Hb (je) AM i?Bb bim/v- i?2 mi?Q`b ?p2 T`QTQb2/ M/ 2tT2`BK2Mi2/ rBi?  lHi`
qB/2 "M/ lo B` iQ :`QmM/ *?MM2H KQ/2HX b T`i Q7 i?2 Ti? HQbb H`;2 b+H2 7/@
BM; KQ/2H- i?2v BMi`Q/m+2 i?2 2z2+i Q7 .QTTH2` 7`2[m2M+v b?B7i BMiQ i?2 Ki?2KiB+H KQ/2HX
>Qr2p2`- QM2 BKTQ`iMi +QM+Hm/BM; `2K`F K/2 #v i?2 mi?Q`b Bb i?i i HQr p2HQ+BiB2b Q7
RyǶb Q7 m/s U6Q`  HQr HiBim/2 B`+`7ibV- i?2 .QTTH2` 2z2+i Bb 2bb2MiBHHv M2;HB;B#H2X h?2v
?p2 //2/ i?2 T`K2i2`
10 log10 (fe +△fe ),
r?2`2- △ = (△v/c)fe.
R3
j Mi2MM +QM};m`iBQMb 7Q` :
*QKKmMB+iBQMb
jXR h?2 #bB+b Q7 Mi2MMb
h?2 7mM+iBQM Q7  +QKKmMB+iBQM HBMF Bb iQ i`MbKBi BM7Q`KiBQM 7`QK QM2 HQ+iBQM iQ MQi?2`X
A7 `/BQrp2 T`QT;iBQM ?b iQ #2 mb2/- i?2 bB;MH Kmbi #2 `/Bi2/ 7`QK i?2 i`MbKBii2`
bBi2 #v  i`MbKBiiBM; Mi2MMX Ai i?2M T`QT;i2b iQr`/ i?2 `2+2Bp2` bBi2 r?2`2  `2+2BpBM;
Mi2MM +Tim`2b i?2 bB;MH M/ /2HBp2`b Bi iQ  `2+2Bp2` bvbi2KX b  `2bmHi- Bi Bb /B{+mHi iQ
bT2+B7v i?2 T`QT;iBQM T`Q+2bb rBi?Qmi `272`2M+2 iQ i?2 Mi2MMb i?i i`MbKBi M/ `2+2Bp2
i?2 bB;MHX h?2 #BHBiv Q7  bB;MH iQ #2 T`QT2`Hv `2+2Bp2/ i i?2 `2+2Bp2` rBHH /2T2M/ MQi QMHv
QM i?2 TQr2` +``B2/ #v i?2 BM+QKBM; 1J rp2- #mi HbQ QM i?2 b2MbBiBpBiv Q7 i?2 `2+2Bp2` M/
i?2 T`2b2M+2 Q` #b2M+2 Q7 Qi?2` UBMi2`72`BM;V bB;MHbX *QMbB/2`iBQM Q7 MQBb2 2z2+ib Bb i?2`27Q`2
p2`v BKTQ`iMi BM i?2 /2bB;M Q7 Mv +QKKmMB+iBQM bvbi2KX
6mM/K2MiH T`K2i2`b Q7 Mi2MMb
h?2 +?`+i2`BbiBQM Q7 M Mi2MM Bb bim/B2/ 7`QK KMv /Bz2`2Mi T2`bT2+iBp2b U`/BiBQM
Tii2`M- /B`2+iBpBiv- TQH`BxiBQM- BKT2/M+2- 2i+V (R3)X AM Q`/2` iQ 7Q+mb QM i?2 bim/B2b i?i
?p2 #22M /2p2HQT2/ 7Q` : *?MM2Hb M/ lo bvbi2Kb- r2 rBHH 7Q+mb QM 7` }2H/ M/ `/BiBQM
Tii2`MbX
6` }2H/ h?2 T?vbB+H T`QT2`iB2b Q7 i?2 }2H/ `/Bi2/ 7`QK M Mi2MM Bb Hrvb KQ`2
+QKTHB+i2/ M2` i?2 Mi2MM 2H2K2Mi i?M i  `2HiBp2Hv H`;2 /BbiM+2 7`QK BiX A7 QM2
+QMbB/2`b 7`22@bT+2 T`QT;iBQM i /BbiM+2b bm{+B2MiHv 7` 7`QK i?2 i`MbKBiiBM; Mi2MM-
i?2 }2H/ TT2`b iQ #2 bT?2`B+H rp2 2KMiBM; 7`QK  TQBMi Ui?2 Mi2MM HQ+iBQMVX lM/2`
i?2b2 +QM/BiBQMb- i?2 Q#b2`piBQM TQBMi Bb bB/ iQ #2 BM i?2 7`@}2H/ Q` Fraunhofer `2;BQM Q7
i?2 i`MbKBii2` Mi2MMX h?`22 +QM/BiBQMb Kmbi #2 biBb}2/ 7Q` i?Bb iQ #2 i?2 +b2,




r > 5(D + d),
RN
jXkX Mi2MM mb;2 BM lo bvbi2Kb
r?2`2 D Bb i?2 H`;2bi /BK2MbBQM Q7 i?2 i`MbKBiiBM; Mi2MM- d Bb i?2 H`;2bi /BK2MbBQM Q7
i?2 `2+2BpBM; Mi2MM- r i?2 /BbiM+2 #2ir22M i?2 irQ- M/ λ Bb i?2 rp2H2M;i? Q7 QT2`iBQMX
_/BiBQM Sii2`Mb M Mi2MM `/BiBQM Tii2`M Q` Mi2MM Tii2`M Bb /2}M2/ b  Ki?@
2KiB+H 7mM+iBQM Q`  ;`T?B+H `2T`2b2MiiBQM Q7 i?2 `/BiBQM T`QT2`iB2b Q7 i?2 Mi2MM b 
7mM+iBQM Q7 bT+2 +QQ`/BMi2bX AM KQbi +b2b- i?2 `/BiBQM Tii2`M Bb /2i2`KBM2/ BM i?2 7` }2H/
`2;BQM M/ Bb `2T`2b2Mi2/ b  7mM+iBQM Q7 i?2 /B`2+iBQMH +QQ`/BMi2bX _/BiBQM T`QT2`iB2b BM@
+Hm/2 TQr2` ~mt /2MbBiv- `/BiBQM BMi2MbBiv- }2H/ bi`2M;i?- /B`2+iBpBiv- T?b2 Q` TQH`BxiBQMX
h?2 KQbi BKTQ`iMi `/BiBQM T`QT2`iv Bb i?2 irQ Q` i?`22 /BK2MbBQMH bTiBH /Bbi`B#miBQM Q7
`/Bi2/ 2M2`;v b  7mM+iBQM Q7 i?2 Q#b2`p2`Ƕb TQbBiBQM HQM;  Ti? Q` bm`7+2 Q7 +QMbiMi
`/BmbX
jXk Mi2MM mb;2 BM lo bvbi2Kb
h?2 Mi2MM Bb QM2 Q7 i?2 +`BiB+H +QKTQM2Mib 7Q` : +QKKmMB+iBQMb /m2 iQ HBKBi2/ bT+2-
M/ HBKBiiBQMb Q7 i?2 2`Q/vMKB+ bi`m+im`2 (j9)- (e8)X 6+iQ`b i?i z2+i : HBMF T2`7Q`@
KM+2 `2 i?2 MmK#2`- ivT2 M/ Q`B2MiiBQM Q7 i?2 Mi2MMb mb2/- b r2HH b i?2 lo b?T2
M/ Ki2`BH T`QT2`iB2bX
h?2 KDQ`Biv Q7 : +?MM2H K2bm`2K2Mib 2KTHQv biM/ HQM2 UbBM;H2V Mi2MMb- r?2`2b
BM (e8)- M Mi2MM ``v Bb mb2/X h?2`2 `2 bQK2 aAJP M/ JAJP Mi2MM +QM};m`iBQMb
pBH#H2 BM i?2 HBi2`im`2 7Q` : T`QT;iBQM K2bm`2K2Mib (8y)- (RR)X q2 rBHH /2b+`B#2 i?2
JAJP M/ aAJP bvbi2Kb BM lo bvbi2Kb BM i?2 M2ti +?Ti2`X
PKMB@/B`2+iBQMH Mi2MMb `2 KQbi TQTmH` 7Q` p2?B+mH` +QKKmMB+iBQMb /m2 iQ i?2B` bm@
T2`BQ` T2`7Q`KM+2 /m`BM; KQiBQM- r?2`2b /B`2+iBQMH Mi2MMb U?pBM; #2ii2` `M;2 pB
/B`2+iBQMH ;BMV +M T2`7Q`K TQQ`Hv /m`BM; KQiBQM /m2 iQ KBbHB;MK2Mi HQbb2bX qBi? ?B;?
KMQ2mp`#BHBiv Q7 lob /m`BM; ~B;?i- QKMB/B`2+iBQMH Mi2MMb `2 ;2M2`HHv #2ii2` bmBi2/
i?M /B`2+iBQMH Mi2MMbX AM bQK2 `2TQ`ib i?2 mi?Q`b bii2 i?i Bi Bb #2ii2` iQ mb2 QKMB/B@
`2+iBQMH Mi2MMb 7Q` i?2 lo M/ /B`2+iBQMH Mi2MMb UrBi? Q` rBi?Qmi /Bp2`bBivV 7Q` i?2
;`QmM/ biiBQMX
 TQi2MiBH KDQ` /`r#+F Q7 Mv Mi2MM QM#Q`/ lob Bb i?2 b?/QrBM; 7`QK i?2 #Q/v
Q7 i?2 B`#Q`M2X aBKBH`Hv- Q`B2MiiBQM Q7 Mi2MMb QM#Q`/ +M z2+i i?2 +QKKmMB+iBQM
T2`7Q`KM+2 (R9)- (dN)X
ky
jXjX _2b2`+? 7Q` lo M/ :a Mi2MMb
jXj _2b2`+? 7Q` lo M/ :a Mi2MMb
q2 ?p2 +Bi2/ bQK2 `2TQ`ib M/ `2b2`+? TT2`b i?i ?p2 #22M +QMbB/2`2/ iQ #2 Q7 +QMbB/2`#H2
BKTQ`iM+2 BM i?2 : Mi2MM mb;2X h?2 `2bmHib Q7 i?2 +Bi2/ HBi2`im`2 `2HiBM; i?2 Mi2MM
mb;2 BM lo HBMFb `2 i?2 7QHHQrBM;X
*?MM2H J2bm`2K2Mib Qp2` 3ykXRR@#b2/ lo@iQ@:`QmM/ GBMFb (dN) AM i?Bb `2@
TQ`i- K2bm`2K2Mib QM A111 3ykXRR lo +QKKmMB+iBQMb r2`2 +``B2/ iQ /2KQMbi`i2 
p`B#BHBiv QM Ti? HQbb +Q2{+B2Mib r?2M i?2 lo rb ?Qp2`BM; Q` KQpBM; BM /Bz2`2Mi Q`B2M@
iiBQMb 7`QK Bib QM@#Q`/ Mi2MMbX kX9 :>x M/ 8 :>x KQMQTQH2 2H2K2Mib r2`2 mb2/ U.mH
Mi2MMb BM i?2 loV- +QM+Hm/BM; i?i r?BH2 ?Q`BxQMiH Mi2MM Q`B2MiiBQM ?2HTb rBi? vr
/Bz2`2M+2b- p2`iB+H Mi2MM +M bbBbi /m`BM; ++2H2`iBQMf/2+2H2`iBQM ;BMbi iBHiBM;X M@
i2MM Tii2`Mb +M /BbiQ`i i?2 Ti? HQbb KQ/2H +?`+i2`BbiB+b M/ `2KQpBM; i?2b2 2z2+ib Bb
MQi Hrvb TQbbB#H2X
6B;m`2 jXR, _2+2Bp2/ bB;MH bi`2M;i? pb vr (dN)
GQr HiBim/2 lo S`QT;iBQM *?MM2H JQ/2HHBM; (N) b+2M/BM; M/ /2b+2M/BM;
K2bm`2K2Mib `2 #2BM; ?2H/ BM i?Bb `2TQ`iX h?2 mi?Q`b mb2 *HQp2`H27 Mi2MM QM #Q`/
i?2 lo rBi? +B`+mH` TQH`BxiBQM M/ kXR8 /"B ;BMX h?2 ;`QmM/ biiBQM Mi2MM Bb HbQ 
*HQp2`H27 Mi2MM rBi? +B`+mH` TQH`BxiBQM Up2`iB+H M/ ?Q`BxQMiHV M/ kXR8 /"B ;BMX
S2`7Q`KM+2 J2bm`2K2Mi Q7 3ykXRR qB`2H2bb GBMFb 7`QK lo iQ :`QmM/ LQ/2b
(R8)  J2bm`2K2Mi /i BM i?Bb `2TQ`i ?p2 b?QrM i?i- 7Q` loǶb +QKKmMB+iBQM rBi? 
;`QmM/ MQ/2- ?Q`BxQMiH /BTQH2 Mi2MMb rBi? i?2B` MmHHb TQBMiBM; iQ  /B`2+iBQM T2`T2M/B+mH`
iQ i?2 lo ~B;?i Ti? vB2H/b iQ i?2 ?B;?2bi i?`Qm;?Tmi KQM; jk Mi2MM TB` +QM};m`iBQMbX
h?2v 2tT2`BK2Mi2/ rBi?  ?M/ K/2 /BTQH2 Mi2MM M/  Netgate KQMQTQH2 2H2K2MiX
6B;m`2 jXk, h?2 irQ Mi2MM ivT2b mb2/ BM i?2 bim/v (R8)
kR
jXjX _2b2`+? 7Q` lo M/ :a Mi2MMb
*QM7Q`KH KQMQTQH` Mi2MM 7Q` lo TTHB+iBQMb (3y) h?2 bim/B2b `2 7Q+mb2/
QM ?B;? M/ KB/ HiBim/2 }t2/ rBM; lo +QKKmMB+iBQMbX  +QM7Q`KH KQMQTQH` Mi2MM
7Q` mMKMM2/ 2`BH p2?B+H2b Bb T`QTQb2/X hQ 2bi#HBb? KQMQTQH2@HBF2 `/BiBQM +?`+i2`BbiB+b
rBi?  HQr@T`Q}H2 QM i?2 7mb2H;2 Q7  lo-  ?B;?2`@Q`/2` KQ/2 +B`+mH` Ti? Mi2MM rb
T`QTQb2/X h?2 T`QTQb2/ >J*S ?b KQMQTQH2 HBF2 `/BiBQM rBi? HQr T`Q}H2 i dyy J>xX
6B;m`2 jXj, h?2 Mi2MM rBi? i?2 `/QK2 HQ+i2/ QM i?2 bBKTH2 lo KQ/2H M/  j. `/BiBQM
Tii2`M QM i?2 lo KQ/2H (3y)
 #`Q/#M/ #H/2 /BTQH2 Mi2MM 7Q` lo TTHB+iBQMb (8e) AM i?Bb `2TQ`i i?2
mi?Q`b T`QTQb2 M/ bim/v  "`Q/#M/ #H/2 /BTQH2 Mi2MM Qp2`  rB/2 7`2[m2M+v `M;2
7`QK ky iQ Rkyy J>xX  bi#H2 `/BiBQM Tii2`M Bb Q#iBM2/ #v BMi`Q/m+BM; bHQib iQ i?2
Mi2MM bi`m+im`2X Ai Bb bim/B2/ BM (8) i?i #H/2 Mi2MMb `2 KQM; i?2 KQbi T`QKBbBM;
+M/B/i2b 7Q` }t2/@rBM; B`#Q`M2 TTHB+iBQMbX h?2v +M T`QpB/2  #`Q/#M/ `2bTQMb2 r?BH2
KBMiBMBM; M 2`Q/vMKB+ b?T2X
6B;m`2 jX9, _2HBx2/ ;BM (8e)
*QKT+i M/ GQr@S`Q}H2 PKMB/B`2+iBQMH *S Mi2MM qBi? 6Qm` *QmTHBM; `+b
7Q` lo TTHB+iBQMb (d8)  +QKT+i M/ HQr@T`Q}H2 QKMB/B`2+iBQMH +B`+mH`Hv TQH`Bx2/
Mi2MM rBi? 7Qm` +QmTHBM; `+b Bb T`2b2Mi2/ BM (_16)X h?2 7Qm` Qmi2` `+b `2 miBHBx2/ iQ
;2M2`i2 ?Q`BxQMiH TQH`BxiBQM M/ M BMM2` /BbF@HQ/2/ 722/BM; TBM +M T`Q/m+2 p2`iB+H
TQH`BxiBQMX PKMB/B`2+iBQMH *S `/BiBQM Bb +?B2p2/ #v +QK#BMBM; i?2 `/BiBQM 7`QK i?2
`+b M/ i?2 722/BM; TBMX
kk
jXjX _2b2`+? 7Q` lo M/ :a Mi2MMb
h?2 Mi2MM +M `/Bi2  `B;?i@?M/ +B`+mH`Hv TQH`Bx2/ KB+`Qrp2 BM i?2 ?Q`BxQMiH
THM2X JQ`2Qp2`- i?2 722/BM; TBM M/ i?2 7Qm` +QmTHBM; `+b #Qi? ?p2 QKMB/B`2+iBQMH `/BiBQM
Tii2`Mb M/ i?mb i?2 Mi2MM +M `2HBx2 QKMB/B`2+iBQMH *S QT2`iBQMX h?2 `/BiBQM Ti?
Q7 i?2 T`QTQb2/ Mi2MM +M #2 b22M BM 6B;m`2 jX8 b  mMBQM Q7 7Qm` `QiiBQMHHv bvKK2i`B+H
2H2K2MibX
6B;m`2 jX8, :2QK2i`B+H +QM};m`iBQM Q7 i?2 T`QTQb2/ Mi2MMX UV S2`bT2+iBp2 pB2rX U#V hQT
pB2rX U+V aB/2 pB2rX U/V 622/BM; M2irQ`F Q7 i?2 Mi2MM (d8)
.2bB;M Q7 lo M/ ;`QmM/ biiBQM Mi2MMb 7Q` +QKKmMB+iBQMb HBMF #m/;2i BK@
T`Qp2K2Mi (RN) h?Bb Bb i?2 /2bB;M Q7  ;`QmM/ biiBQM M/ lo Mi2MMb BKBM; iQ BKT`Qp2
i?2 HBMF #m/;2i Q7 i?2 bvbi2K Bib2H7X h?2 ;`QmM/ Mi2MM Bb  /B`2+iBQMH Mi2MM #b2/ QM 
bi+F2/ +QM};m`iBQM HHQrBM; M BM+`2b2 Q7 i?2 #M/rB/i?X h?2 lo Mi2MM ?b  [m`i2`
rp2 H2M;i? KQMQTQH2 2H2K2Mi b i?2 KBM `/BiQ`X h?2 /2bB;M +QMbBbib Q7  THM` ``v
rBi? ktk 2H2K2MibX
6B;m`2 jXe, JQMQTQH2 Mi2MM ``v- ;`QmM/ biiBQM Mi2MM- i?2 `2bT2+iBp2 j. `/BiBQM
Tii2`Mb (RN)
kj
jX9X Mi2MM /Bp2`bBiv- aAJP M/ JAJP bvbi2Kb
jX9 Mi2MM /Bp2`bBiv- aAJP M/ JAJP bvbi2Kb
"Qi? _vH2B;? 7/BM; M/ HQ; MQ`KH b?/QrBM; BM/m+2  p2`v H`;2 TQr2` T2MHiv QM i?2
T2`7Q`KM+2 Q7 KQ/mHiBQM Qp2` rB`2H2bb +?MM2HbX PM2 Q7 i?2 KQbi TQr2`7mH i2+?MB[m2b iQ
KBiB;i2 i?2 2z2+ib Q7 7/BM; Bb iQ mb2 /Bp2`bBiv@+QK#BMBM; Q7 BM/2T2M/2MiHv 7/BM; bB;MH
Ti?bX .Bp2`bBiv +QK#BMBM; mb2b i?2 7+i i?i BM/2T2M/2Mi bB;MH Ti?b ?p2  HQr T`Q##BHBiv
Q7 2tT2`B2M+BM; /22T 7/2b bBKmHiM2QmbHvX h?mb- i?2 B/2 #2?BM/ /Bp2`bBiv Bb iQ b2M/ i?2 bK2
/i Qp2` BM/2T2M/2Mi 7/BM; Ti?bX h?2b2 BM/2T2M/2Mi Ti?b `2 +QK#BM2/ BM bQK2 rv bm+?
i?i i?2 7/BM; Q7 i?2 `2bmHiMi bB;MH Bb `2/m+2/ (kd)X
6Q` 2tKTH2- 7Q`  bvbi2K rBi? irQ Mi2MMb i?i 2tT2`B2M+2 BM/2T2M/2Mi 7/BM;- Bi Bb mMHBF2Hv
i?i #Qi? Mi2MMb 2tT2`B2M+2 /22T 7/2b i i?2 bK2 iBK2X "v b2H2+iBM; i?2 bi`QM;2bi bB;MH
#2ir22M i?2 irQ Mi2MMb- +HH2/ b2H2+iBQM +QK#BMBM;- r2 rBHH Q#iBM  Km+? #2ii2` bB;MH
i?M B7 r2 Dmbi ?/ QM2 Mi2MMX
h?2`2 `2 KMv rvb Q7 +?B2pBM; BM/2T2M/2Mi 7/BM; Ti?b BM  rB`2H2bb bvbi2KX aQK2 Q7 i?2
K2i?Q/b b22M BM i?2 : +?MM2H +?`+i2`BbiBQM HBi2`im`2 BM+Hm/2 i?2 7QHHQrBM;X
h?2 mb2 Q7 KmHiBTH2 `2+2Bp2 Mi2MMb- HbQ +HH2/ M Mi2MM ``v- r?2`2 i?2 2H2K2Mib
Q7 i?2 ``v `2 b2T`i2/ BM bT+2X h?Bb ivT2 Q7 /Bp2`bBiv Bb `272``2/ iQ b bT+2 /Bp2`bBivX
LQi2 i?i rBi? bT+2 /Bp2`bBiv- BM/2T2M/2Mi 7/BM; Ti?b `2 `2HBx2/ rBi?Qmi M BM+`2b2 BM
i`MbKBi bB;MH TQr2` Q` #M/rB/i?X
 b2+QM/ K2i?Q/ Q7 +?B2pBM; /Bp2`bBiv Bb #v mbBM; 2Bi?2` irQ i`MbKBi Mi2MMb Q` irQ
`2+2Bp2 Mi2MMb rBi? /Bz2`2Mi TQH`BxiBQM U2X;X p2`iB+HHv M/ ?Q`BxQMiHHv TQH`Bx2/ rp2bVX
h?2 irQ i`MbKBii2/ rp2b 7QHHQr i?2 bK2 Ti? ?Qr2p2`- bBM+2 i?2 KmHiBTH2 `M/QK `2~2+iBQMb
/Bbi`B#mi2 i?2 TQr2` M2`Hv 2[mHHv `2HiBp2 iQ #Qi? TQH`BxiBQMb- i?2 p2`;2 `2+2Bp2 TQr2`
+Q``2bTQM/BM; iQ 2Bi?2` TQH`Bx2/ Mi2MM Bb TT`QtBKi2Hv i?2 bK2X aBM+2 i?2 b+ii2`BM;
M;H2 `2HiBp2 iQ 2+? TQH`BxiBQM Bb `M/QK- Bi Bb ?B;?Hv BKT`Q##H2 i?i bB;MHb `2+2Bp2/ QM
i?2 irQ /Bz2`2MiHv TQH`Bx2/ Mi2MMb rQmH/ #2 bBKmHiM2QmbHv BM /22T 7/2bX
h?2`2 `2 irQ /Bb/pMi;2b Q7 TQH`BxiBQM /Bp2`bBivX 6B`bi- vQm +M ?p2 i KQbi irQ
/Bp2`bBiv #`M+?2b- +Q``2bTQM/BM; iQ i?2 irQ ivT2b Q7 TQH`BxiBQMX h?2 b2+QM/ /Bb/pMi;2 Bb
i?i TQH`BxiBQM /Bp2`bBiv HQb2b 2z2+iBp2Hv ?H7 i?2 TQr2` Uj /"V bBM+2 i?2 i`MbKBi Q` `2+2Bp2
TQr2` Bb /BpB/2/ #2ir22M i?2 irQ /Bz2`2MiHv TQH`Bx2/ Mi2MMbX
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jX9X Mi2MM /Bp2`bBiv- aAJP M/ JAJP bvbi2Kb
*QK#BMBM; K2i?Q/b
aQK2 Q7 i?2 K2i?Q/b mb2/ 7Q` BKTH2K2MiBM; +?MM2H /Bp2`bBiv,
a2H2+iBQM +QK#BMBM; AM b2H2+iBQM +QK#BMBM; Ua*V- i?2 +QK#BM2` QmiTmib i?2 bB;MH QM i?2
#`M+? rBi? i?2 ?B;?2bi aL_ ri2/Ni- r?2`2 ri `2T`2b2Mib i?2 `2+2Bp2/ bB;MH bi`2M;i? 7`QK
#`M+? i M/ Ni i?2 :mbbBM /Bbi`B#mi2/ MQBb2 bi`2M;i?X h?Bb Bb 2[mBpH2Mi iQ +?QQbBM; i?2
#`M+? rBi? i?2 ?B;?2bi ri2 +Ni B7 i?2 MQBb2 Ni = N Bb i?2 bK2 QM HH #`M+?2b iX aBM+2 QMHv
QM2 #`M+? Bb mb2/ i  iBK2- a* Q7i2M `2[mB`2b Dmbi QM2 `2+2Bp2` i?i Bb brBi+?2/ BMiQ i?2
+iBp2 Mi2MM #`M+?X >Qr2p2`-  /2/B+i2/ `2+2Bp2` QM 2+? Mi2MM #`M+? Kv #2 M22/2/
7Q` bvbi2Kb i?i i`MbKBi +QMiBMmQmbHv BM Q`/2` iQ bBKmHiM2QmbHv M/ +QMiBMmQmbHv KQMBiQ`
aL_ QM 2+? #`M+?X qBi? a* i?2 Ti? QmiTmi 7`QK i?2 +QK#BM2` ?b M aL_ 2[mH iQ i?2
KtBKmK aL_ Q7 HH i?2 #`M+?2bX
h?`2b?QH/ +QK#BMBM; a* 7Q` bvbi2Kb i?i i`MbKBi +QMiBMmQmbHv Kv `2[mB`2  /2/B+i2/
`2+2Bp2` QM 2+? #`M+? iQ +QMiBMmQmbHv KQMBiQ` #`M+? aL_X  bBKTH2` ivT2 Q7 +QK#BMBM;-
+HH2/ i?`2b?QH/ +QK#BMBM;- pQB/b i?2 M22/ 7Q`  /2/B+i2/ `2+2Bp2` QM 2+? #`M+? #v b+MMBM;
2+? Q7 i?2 #`M+?2b BM b2[m2MiBH Q`/2` M/ QmiTmiiBM; i?2 }`bi bB;MH rBi? aL_ #Qp2  ;Bp2M
i?`2b?QH/ γT X
JtBKH _iBQ +QK#BMBM; AM a*- i?2 QmiTmi Q7 i?2 +QK#BM2` 2[mHb i?2 bB;MH QM QM2
Q7 i?2 #`M+?2bX AM KtBKH `iBQ +QK#BMBM; UJ_*V i?2 QmiTmi Bb  r2B;?i2/ bmK Q7 HH
#`M+?2b- bQ i?2 αi Ƕb U+?MM2H KTHBim/2 +Q2{+B2MiV `2 HH MQMx2`QX h?2 bB;MH 7`QK 2+?
Mi2MM Bb `Qii2/ M/ r2B;?i2/ ++Q`/BM; iQ i?2 T?b2 M/ bi`2M;i? Q7 i?2 +?MM2H- bm+? i?i
i?2 bB;MHb 7`QK HH Mi2MMb `2 +QK#BM2/ iQ vB2H/ i?2 KtBKmK `iBQ #2ir22M bB;MH M/
MQBb2 i2`KbX h?mb- i?2 aL_ Q7 i?2 +QK#BM2` QmiTmi Bb i?2 bmK Q7 aL_b QM 2+? #`M+?X h?2
p2`;2 +QK#BM2` aL_ BM+`2b2b HBM2`Hv rBi? i?2 MmK#2` Q7 /Bp2`bBiv #`M+?2b JX
Mi2MM /Bp2`bBiv bim/B2b BM : +?MM2Hb
 F2v +?HH2M;2 iQ lo +QKKmMB+iBQM bvbi2Kb Bb +?B2pBM; ;QQ/ HBMF [mHBiB2bX _TB/ +?M;2b
BM bB;MH bi`2M;i? /m2 iQ B`#Q`M2 7bi KMQ2mp`2b M/ bB;MH Qmi;2b 7`QK 2MpB`QMK2MiH
b?/QrBM; Q` ~B;?i Ti?b i`MbHi2 BMiQ  ?B;?Hv p`vBM; M/ HQbbv rB`2H2bb +?MM2H #2ir22M
;`QmM/ i`MbKBii2`b M/ lo `2+2Bp2`bX
h?2 mb2 Q7 KmHiBTH2 Mi2MMb iQ 2M#H2 /Bp2`bBiv +M vB2H/ bTiBH /Bp2`bBiv ;BMb 2p2M BM
KmHiBTi? 2MpB`QMK2MibX aBKBH`Hv- KmHiBTH2 Mi2MMb +M #2 mb2/ 7Q` bTiBH b2H2+iBpBiv bm+?
b #2K 7Q`KBM;X >Qr2p2`- /m2 iQ HBKBi2/ bT+2 QM lob- bTiBH /Bp2`bBiv mbBM; KmHiBTH2
Mi2MMb Bb /B{+mHi iQ +?B2p2- 2bT2+BHHv 7Q` HQr2` +``B2` 7`2[m2M+B2bX
6QHHQrBM;- r2 +M }M/ : +?MM2H bim/B2b BM i?2 HBi2`im`2 i?i 7Q+mb QM i?2 mb;2 Q7 Mi2MM
UM/ +?MM2H BM ;2M2`HV /Bp2`bBivX
J2bm`BM; /Bp2`bBiv QM  GQr HiBim/2 lo BM  : qB`2H2bb 3ykXRR J2b? L2i@
rQ`F (j3) h?2 mi?Q`b mb2 7Qm` lo KQmMi2/ `2+2Bp2` MQ/2b iQ `2+Q`/ BM/BpB/mH T+F2i
i`MbKBbbBQMb 7`QK i?2 ;`QmM/ biiBQMX h?2 B`#Q`M2 Bib2H7 Bb  }t2/ rBM; lo iQ +?B2p2
KQ`2 bi#BHBiv /m`BM; i?2 ~B;?iX
h?2v ?p2 bim/B2/ i?2 +Q``2HiBQM 7`QK `2+2Bp2/ l.S T+F2ib #2ir22M Mi2MM TB`b- iQ
+QM+Hm/2 i?i- 7Q` KQbi Q7 i?2 ~B;?i Ti?- Mi2MMb i2M/ iQ #2 mM+Q``2Hi2/- r?B+? Bb  ;QQ/
7+iQ` 7Q` BKTH2K2MiBM;  /Bp2`bBiv bvbi2KX
k8
jX9X Mi2MM /Bp2`bBiv- aAJP M/ JAJP bvbi2Kb
hQ /2i2`KBM2 i?2 ;BM /m2 iQ `2+2Bp2` /Bp2`bBiv- i?2v +QK#BM2 i?2 T+F2i `2+2TiBQMb i i?2
7Qm` `2+2Bp2`b BMiQ  +QK#BM2/ i`+2- r?2`2  T+F2i Bb K`F2/ b `2+2Bp2/ B7 Bi rb `2+2Bp2/ #v
i H2bi QM2 BM/BpB/mH `2+2Bp2`X G2/BM; iQ +QM+Hm/2 i?i /Bp2`bBiv #`BM;b #Qmi M //BiBQMH
;BM Q7 `Qm;?Hv k8WX
h?2v +QMiBMm2/ i?2 bim/B2b iQ }M/ Qmi i?2 +Q``2HiBQM +Q2{+B2Mi 7Q` /Bz2`2Mi iBK2 b+H2b- i?i
rv Bi Bb TQbbB#H2 iQ b2T`i2 #2ir22M bKHH b+H2 M/ H`;2 b+H2 bB;MH +Q``2HiBQMbX
6B;m`2 jXd, *Q``2HiBQM +Q2{+B2Mib 7Q` /Bz2`2Mi iBK2 rBM/Qr T2`BQ/b (j3)
b b22M BM 6B;m`2 jXd 7Q` b?Q`i iBK2 b+H2b i?2 +Q``2HiBQM BM+`2b2b rBi? iBK2 BM/B+iBM; 
H+F Q7 /2T2M/2M+2 /m2 iQ 7/BM;X h?2b2 `2bmHib +M QMHv #2 2ti`TQHi2/ iQ bm#m`#M Q` `m`H
i2``BMbX 6Q` H`;2` iBK2 rBM/Qrb- i?2 +Q2{+B2Mib i2M/ iQ  +QMbiMi pHm2X
qB/2#M/ : K2bm`2K2Mib mbBM; Mi2MM ``v i k:>x 7Q` GQr HiBim/2
QT2`iBQMb (89) AM i?Bb +b2-  7Qm` 2H2K2Mi HBM2` Mi2MM ``v Q7 KQMQTQH2 2H2K2Mib rb
mb2/ i i?2 `2+2Bp2` U:`QmM/ aiiBQMVX h?2 B`#Q`M2 i`MbKBii2` mb2/  p2`iB+HHv TQH`Bx2/
KQMQTQH2X
JtBKH `iBQ +QK#BMBM; UJ_*V rb b2H2+i2/ #2+mb2 Bi 2M#H2b i?2 #2bi 7/BM; KBiB;iBQM
UbiiBbiB+HHvV +QKT`2/ iQ Qi?2` ivT2b Q7 HBM2` /Bp2`bBiv +QK#BM2`bX
J_* T`Q+2bbBM; rb TTHB2/ iQ i?2 B`@iQ@;`QmM/ K2bm`2K2Mib- r?2`2 M Mi2MM 2H2K2Mi
b2T`iBQM Q7 λ/2X _2bmHib b?Qr i?i QMHv KQ/2bi /Bp2`bBiv ;BMb Q7 kX8 /" Q` H2bb `2 +?B2p@
#H2 7Q` K2bm`2/ +?MM2Hb +QKT`2/ iQ bBM;H2@2H2K2Mi 7/BM; `2bmHibX
h?2 mi?Q`b HbQ bim/B2/ i?2 mb2 Q7 M BKTH2K2MiiBQM Q7  irQ /BK2MbiBQMH _F2 `2+2Bp2` iQ
+QK#BM2 KmHiBTi? +QKTQM2MibX
 irQ /BK2MbBQMH `F2 `2+2Bp2` Bb  bT+2@iBK2 bB;MH T`Q+2bbBM; `+?Bi2+im`2 i?i mb2b
 i`/BiBQMH `F2 `2+2Bp2` rBi? bK`i Mi2MM +T#BHBiB2b Ur?2`2 i?2 T?b2 Q7 i?2 Mi2MM
2H2K2Mib +M #2 ir2F2/ BM Q`/2` iQ +?M;2 i?2 `/BiBQM Tii2`MVX
hrQ /BK2MbBQMH _F2Ƕb +QK#BM2b `2bQHp#H2 KmHiBTi? +QKTQM2Mib BM i?2 i2KTQ`H /QKBM
b r2HH b +QK#BMBM; Q` #2K7Q`KBM; QM KmHiBTi? +QKTQM2Mib BM i?2 bTiBH /QKBMX h?2
T`Q+2bbBM; mb2/ BM i?Bb 2tT2`BK2Mi +QK#BM2b- i2KTQ`HHv M/ bTiBHHv- KmHiBTi? +QKTQM2Mib
7`QK 7Qm` Mi2MM ``v 2H2K2Mib M/ 2pHmi2b i?2 mb2 Q7 7Qm` `F2 }M;2`b T2` Mi2MM
2H2K2MiX h?2 7Qm` bi`QM;2bi KmHiBTi? +QKTQM2Mib `2 mb2/ 7Q` i2KTQ`H `F2 +QK#BMBM;- M/
+QT?b2/ `F2 QmiTmi bB;MHb `2 bmKK2/ iQ T`Q/m+2 i?2 +QKTQbBi2 QmiTmi bB;MHX
aTiBH@i2KTQ`H T`Q+2bbBM; `2bmHib b?Qr2/ i?i #v +QK#BMBM; KmHiBTi? +QKTQM2Mib BM
bT+2 M/ /2Hv mbBM; 7Qm` `F2 }M;2`b T2` Mi2MM 2H2K2Mi- mT iQ d /" Q7 ;BM Bb +?B2p#H2
+QKT`2/ iQ bBM;H2@2H2K2Mi 7/BM; `2bmHibX
ke
jX9X Mi2MM /Bp2`bBiv- aAJP M/ JAJP bvbi2Kb
JAJP S2`7Q`KM+2 1pHmiBQM 7Q` B`#Q`M2 qB`2H2bb *QKKmMB+iBQM avbi2Kb
(RR) h?Bb TT2` T`2b2Mib i?2 /2bB;M M/ 2tT2`BK2MiH }2H/ i2bib Q7  7mHH 2[mBTT2/ B`#Q`M2
JAJP +?MM2H@bQmM/BM; M/ i?`Qm;?Tmi@K2bm`2K2Mi THi7Q`KX h?2 B`+`7i mb2b  9t9
JAJP@P6.J `/BQ bvbi2K 2[mBTT2/ rBi? Ti+? Mi2MMb M/ Bb ~QrM Qp2` /Bz2`2Mi i2``BM
b+2M`BQb i HiBim/2b M/ bT22/b BM i?2 K2/BmK HiBim/2 Q`/2`X
6B;m`2 jX3, *T+Biv K2bm`2K2Mib p2`bmb iBK2 M/ /BbiM+2X
h?2 `2bmHi MHvbBb i ;`QmM/ biiBQMb- UbQK2 Q7 i?2K b22M BM 6B;m`2 jX3V- bBimi2/ BM p`BQmb
HQ+iBQMb `QmM/ i?2 GQb M;2H2b `2- b?Qr2/ i?i i?2 JAJP@2M#H2/ MQ/2b +M +?B2p2 
bB;MB}+Mi ;BM BM i?`Qm;?Tmi M/ `M;2- Q` H`;2 hs TQr2` bpBM;b b +QKT`2/ iQ  aAaP
bvbi2KX ZmQi2/ 7`QK i?2 mi?Q`b- 2p2M H`;2` JAJP T2`7Q`KM+2 ;BMb +M #2 +?B2p2/ B7
i?2 +?MM2H bii2 BM7Q`KiBQM +M #2 72/ #+F iQ i?2 i`MbKBii2`X
kd
9 lo S`QT;iBQM a+2M`BQbX
J2bm`2K2Mib
AM Q`/2` iQ +HbbB7v i?2 2KTB`B+H K2bm`2K2Mib BM i?2 HBi2`im`2 #Qmi B` iQ :`QmM/ *?M@
M2H KQ/2Hb-  rB/2Hv ++2Ti2/ i2``BM +HbbB}+iBQM ?b #22M T`QpB/2/ #v i?2 AMi2`MiBQMH
h2H2+QKKmMB+iBQM lMBQM (dk)X  h?2 bim/B2b ?p2 #22M /BpB/2/ /2T2M/BM; QM i?2 i2``BM
+?`+i2`BbiB+b BM Q`/2` iQ }M/ +H2` +Q``2HiBQMb QM i?2 KQ/2Hb mb2/- Mi2MMb +QM};m`iBQMb
Q` Ti? HQbb T`K2i2`bX
T`i 7`QK i?2 /Bz2`2M+2b BM i2``BM- /Bz2`2Mi B`+`7i ivT2b ?p2 #22M mb2/ BM p`BQmb
bim/B2b i?i +M #2 +QMbB/2`2/ iQ ?p2 M BKT+i QM i?2 `2bmHib b?QrMX q2 +M #`Q/Hv
+HbbB7v i?2 B`+`7ib BM,
"HHQQMf.B`B;B#H2 aBKTH2 QT2`iBQM rBi? bi2/v ~B;?i Ti?b #mi HQr KMQ2mp`#BHBiv M/
bT22/X
6Bt2/ rBM; >B;? bT22/b M/ ;2M2`HHv 7m`i?2` ~B;?i Ti?bX
_QiQ`+`7i lbmHHv HQr2` bT22/b i?M  }t2/ rBM; loX >Qr2p2`- ?B;? KMQ2mp`#BHBiv
+M H2/ p2`iB+H Ti?b- M/ ?Qp2`BM;X
k3
9XRX l`#M- bm# m`#M M/ `m`H
9XR l`#M- bm# m`#M M/ `m`H
h?2 }`bi i?`22 i2``BM ivT2b `2 i?2 KDQ` T`i Q7 2tT2`BK2Mib 7QmM/ BM i?2 HBi2`im`2X h?2v
?p2 #22M MK2/ b PT2M 6Hi i2``BM (dk)X h?2 +?MM2H +?`+i2`BbiB+b `2 KQbiHv z2+i2/
#v ?mKM K/2 #mBH/BM;b- M/ /2T2M/BM; QM i?2 `2 rBb2 /2MbBiv Q7 i?2K- ?2B;?ib M/ bBx2b-
Bi Bb TQbbB#H2 iQ bm#/BpB/2 i?2K BMiQ,
_272`2M+2 Mi2MM *QM};m`iBQM 6`2[m2M+v "M/ lo hvT2 Si? GQbb S`K2i2`b Pi?2`b
(ee) lo, JQMQTQH2 k:>x U*q KQ/mHiBQMV "HHQQM hrQ _v JQ/2H HiBim/2, Ryy@ReyK
:`QmM/, 9 JQMQTQH2 Zm`i2`qp2 *QKT`BbQM JQ/2H@6B2H/ aim/v
PKMB/B`2+iBQMH Mi2MMb J2M1``Q`U/"V, yXye
ai/.2pU/"V, kXk
(9k) lo, 9 KQMQTQH2b G@"M/ 6Bt2/ qBM; hrQ _v JQ/2H HiBim/2, 3kyK
:`QmM/, .B`2+iBQMH Mi2MM *@"M/ 6Hi M/ *m`p2/ 1`i? KQ/2Hb
(8d) lo, Zm`i2` rp2 r?BT Mi2MM k :>x 6Bt2/ qBM; 6`22 aT+2 Uγ = 2V HiBim/2, jyy@3yyK
:`QmM/, Si+? Mi2MM N/"B hrQ _v JQ/2H
(ke) LQi bT2+B}2/ Nyy J>x U:aJV *TiBp2 "HHQQM 6`22 aT+2 Uγ = 2.5V HiBim/2, mT iQ 9yyK
k :>x UlJhaV *Pah oA
(jN) :`QmM/, JQMQTQH2 8XRk :>x 6Bt2/ qBM; 6`BBb JQ/2H >B;? HiBim/2 ~B;?i
lo, PKMB@/B`2+iBQMH Mi2MM UMQi bT2+B}2/V .2pBiBQM, kX9 /" 6/BM;, 1ti`2K2 oHm2 hvT2 A KQ/2H
(88) lo, JQMQTQH2 kXy8 :>x B`#Q`M2 UMQi bT2+B}2/V 6`22 bT+2 HQ; KQ/2H JmHiBTi? bim/v
:`QmM/, 9 2H2K2Mi HBM2` ``v UKQMQTQH2V γ = 4.1
GQ; LQ`KH .2pBiBQM 4 8Xk9 /"
h#H2 9XR, l`#M K2bm`2K2Mib BM i?2 HBi2`im`2
_272`2M+2 Mi2MM *QM};m`iBQM 6`2[m2M+v "M/ lo hvT2 Si? GQbb S`K2i2`b Pi?2`b
(e3) :`QmM/, aAJP /mH #M/ `2+2Bp2` G@"M/ Ne3J>x 6Bt2/ qBM; hrQ `v KQ/2H 6/BM;, GQ;MQ`KH
lo, PKMB/B`2+iBQMH 8/"B KQMQTQH2b *@"M/ 8yey J>x
(9e) :`QmM/, aAJP /mH #M/ `2+2Bp2` G@"M/ Ne3J>x 6Bt2/ qBM; hrQ `v KQ/2H
lo, PKMB/B`2+iBQMH 8/"B KQMQTQH2b *@"M/ 8yey J>x G@"M/ /2pBiBQM, jXk@jXe/"
*@"M/ /2pBiBQM, RXN@j/"
(eN) lo, JQMQTQH2 e/"B *@"M/ U6J*qV 6Bt2/ qBM; 6`22 aT+2 KQ/2H Uγ = 2V
:`QmM/, Si+?
(R) Nyy J>x U:aJV #HHQQM 1KTB`B+H KQ/2H HiBim/2, #Qmi kyK
(dy) RX3 :>x UlJhaV ?2t+QTi2` GlA JQ/2H Jt RyyJ
kXR :>x UGh1V
h#H2 9Xk, am# m`#M K2bm`2K2Mib BM i?2 HBi2`im`2
_272`2M+2 Mi2MM *QM};m`iBQM 6`2[m2M+v "M/ lo hvT2 Si? GQbb S`K2i2`b Pi?2`b
(d3) lo, i`BM;mH` ?Q`BxQMiH j /BTQH2 Mi2MM +QM}; 3ykXRR U8Xk:>xV *>93 Zm/+QTi2` GQ; /BbiM+2 KQ/2H a2H2+iBQM +QK#BMBM; U.Bp2`bBivV
:`QmM/, LQi bT2+B}2/ γ = 2.03 6/BM;, LF;KB biiBbiB+b
(je) lo, lq" THM` 2HHBTiB+H /BTQH2 jXR:>x iQ 8Xj :>x Zm/+QTi2` JQ/B}2/ 7`22 bT+2 KQ/2H 6/BM;, w2`Q K2M :mbbBM
:`QmM/, lq" THM` 2HHBTiB+H /BTQH2 γ = 2.54 − 2.94 Up2HQ+Biv /2T2M/MiV 6/BM; k, LF;KB
J2M UK 7+iQ`V, RX98@RXed
o`BM+2 UK 7+iQ`V, yXe9@yXdN
h#H2 9Xj, _m`H K2bm`2K2Mib BM i?2 HBi2`im`2
9Xk >BHHvf6Q`2bi
h?2 ?BHHvf7Q`2bi i2``BM +M #2 +?`+i2`Bx2/ #v i?2 mM2p2MM2bb Q7 i?2 ;`QmM/ H2/BM; iQ UKQbi
Q7 i?2 iBK2V  Ti? HQbb i?i 7QHHQrb i?2 irQ `v KQ/2HX /DmbiK2Mib 7Q` i?2 bm`7+2 `Qm;?M2bb
+M #2 K/2 BM Q`/2` iQ +?`+i2`Bb2 bT2+B}+ i2``BMbX
_272`2M+2 Mi2MM *QM};m`iBQM 6`2[m2M+v "M/ lo hvT2 Si? GQbb S`K2i2`b Pi?2`b
(ed) B`+`7i, JQMQTQH2 #H/2 G@"M/ Ne3 J>x JMM2/ B`+`7i JQ/B}2/ HQ; /BbiM+2 KQ/2H 6/BM;, w2`Q K2M :mbbBM
:`QmM/, .B`2+iBQMH Mi2MM U:BM e/"V *@"M/ 8yey J>x γL−band = 1.3 − 1.8 o`BM+2nG#M/, jXk/"@jXN/"
γC−band = 1.0 − 1.8 o`BM+2n*#M/, kXk/"@kX3/"




aBKBH` iQ M QT2M }2H/ b2iiBM;- i?2 b2 i2``BM +M #2 KQ/2HH2/ mbBM; irQ `v SG KQ/2Hb rBi?
/Bz2`2Mi bm`7+2 `2~2+iBpBiv M/ `Qm;?M2bb T`K2i2`bX
_272`2M+2 Mi2MM *QM};m`iBQM 6`2[m2M+v "M/ lo hvT2 Si? GQbb S`K2i2`b Pi?2`b
(8R) lo, PKMB/B`2+iBQMH #H/2 Mi2MM *@"M/ 8Xd :>x 6Bt2/ qBM; hrQ `v KQ/2H HiBim/2, jdyK @ RX3FK
:`QmM/, hrQ /B`2+iBQMH U#2K ky/2;V aBKTH2 KQ/2H, GQ; /BbiM+2
γ = 0.82 − 2.46
(93) B`+`7i, JQMQTQH2 #H/2 G@"M/ Ne3 J>x 6Bt2/ rBM; hrQ `v KQ/2H U6`2b? ri2` b2iiBM;bV HiBim/2, 8eyK
:`QmM/, .B`2+iBQMH Mi2MM U:BM e/"V *@"M/ 8yey J>x S2`KBiBpBiv, 3R
*QM/m+iBpBiv, yXyR
_2HiBp2 T2`K2#BHBiv, R
JBHH2`@"`QrM bm`7+2 `Qm;?M2bb KQ/2H
h#H2 9X8, a2 K2bm`2K2Mib BM i?2 HBi2`im`2
9X9 *QM+Hm/BM; `2K`Fb
b b22M BM i?2 i#H2b- i?2 KBM 7`2[m2M+v #M/b mb2/ 7Q` i?2 2tT2`BK2Mib `2 G@"M/ M/
*@"M/- irQ Q7 i?2 7mim`2 biM/`/b BM lo +QKKmMB+iBQMbX
h?2 QT2M }2H/ bim/B2b Um`#M- bm#m`#M M/ `m`HV ?p2 p`BiBQMb BM i?2 Si? GQbb KQ/2Hb
mb2/- i?2 KDQ`Biv `2 #b2/ BM i?2 7`22 bT+2 KQ/2H M/ Kv ?p2 2KTB`B+H +?M;2b BM Q`/2`
iQ }i i?2 2t+i b+2M`BQX
6Q` i?2 ?BHHvf7Q`2bi b+2M`BQb- i?2`2 Bb  bm#biMiBH /Bz2`2M+2 BM i?2 Ti? HQbb 2tTQM2Mi γ i?i
/Bz2`b 7`QK 7`22 bT+2 Uγ = 2VX
6Q` i?2 b2 UQT2M ri2`V KQbi Q7 i?2 bim/B2b `2 #b2/ QM i?2 irQ `v Ti? HQbb KQ/2H bBM+2
Bi Bb TQbbB#H2 iQ 2KTB`B+HHv 2biBKi2 `Qm;?M2bb- +QM/m+iBpBiv M/ T2`KBiiBpBivX
Mi2MM +QM};m`iBQMb BM i?2 HBi2`im`2- 7Q` KQbi Q7 i?2 bim/B2b- `2 #b2/ QM KQMQTQH2b
BMbiHH2/ BM i?2 lo M/ BM bQK2 +b2b /B`2+iBQMH Mi2MMb BM i?2 ;`QmM/ biiBQMX AM bQK2
bim/B2b aAJP M/ /Bp2`bBiv b+?2K2b `2 mb2/ BM i?2 `2+2Bp2`X
jy
8 6mim`2 _2b2`+?
q?BH2 7m`i?2` T2`7Q`KM+2 bim/B2b `2 biBHH `2[mB`2/ +QM+2`MBM; i?2 mb2 Q7 j: M/ 9: +2HHmH`
M2irQ`Fb 7Q` lo +QKKmMB+iBQMb- Bi Bb BKTQ`iMi iQ /Bb+mbb r?i b?QmH/ #2 2tT2+i2/ 7`QK
7mim`2 KQ#BH2 M2irQ`Fb BM i?Bb +QMi2ti (k)X qBi? b2p2`H `2b2`+? bim/B2b H`2/v mM/2`rv
`2;`/BM; i?2 /2bB;M Q7 mT+QKBM; 8: KQ#BH2 M2irQ`Fb- Bi Bb p2`v HBF2Hv i?i lo +QKKmMB+@
iBQMb Kv #2M2}i 2p2M 7m`i?2` rBi? i?2 7mim`2 /2THQvK2Mi Q7 i?2b2 M2irQ`FbX Hi?Qm;? MQi
HH i?2 F2v i2+?MQHQ;B2b M/ b+2M`BQb mbBM; 8: `2b2`+? `2 T`iB+mH`Hv `2H2pMi 7Q` lob-
bQK2 Kv #2 T`iB+mH`Hv BKTQ`iMi 7Q` i?2KX
8XR 8: 7Q` lob
>B;?2` +T+Biv- /i `i2b- M/ 2ti2M/2/ +Qp2`;2- i?`Qm;? i?2 mb2 Q7 KQ`2 bT2+i`mK U?B;?2`
7`2[m2M+v #M/b- mMHB+2Mb2/ bT2+i`mKV- /pM+2/ T?vbB+H Hv2` i2+?MB[m2b U+Q/BM; b+?2K2b-
KbbBp2 KmHiBTH2 BMTmi KmHiBTH2 QmiTmi Mi2MMb UJAJPV- BMi2`72`2M+2 KBiB;iBQM i2+?MB[m2b-
M2r rp27Q`KbV- BMi2;`iBQM Q7 p2?B+H2@iQ@s +QKKmMB+iBQMb- M/ MQK/B+ +2HHb (8N)- (j)X Ai Bb
BKTQ`iMi iQ MQi2 i?i r?BH2 ?B;?2` /i `i2b Kv MQi #2 bB;MB}+Mi 7Q` i2H2K2i`v- i?2v +M
bmTTQ`i ?B;?2` [mHBiv pB/2Q bi`2Kb +QKBM; 7`QK QM2 Q` KQ`2 B`#Q`M2 +K2`bX
8Xk 6mim`2 Q7 KKqp2 #M/b
*QKKmMB+iBQM bvbi2Kb i KKqp2 #M/b +``B2b +`BiB+H BKTQ`iM+2 7Q` 8: rB`2H2bb M2i@
rQ`FbX b Q7 MQr- i?2`2 ?b MQi #22M KMv 2ti2M/2/ `2b2`+? `2;`/BM; lob bvbi2Kb M/
: +?MM2H KQ/2Hb 7Q` i?2b2 #M/bX AM (jd)- i?2v bim/v i?2 +?`+i2`BbiBQM Q7 KKqp2 B`@
iQ@;`QmM/ U:V +?MM2Hb 7Q` mMKMM2/ 2`BH p2?B+H2 UloV +QKKmMB+iBQMbX AM T`iB+mH`-
mbBM; `v i`+BM; bBKmHiBQMb iQ bim/v i?2 #2?pBQm` Q7 : KKqp2 #M/b i irQ /Bz2`2Mi




h?2`2 ?p2 HbQ #22M bQK2 bim/B2b i?i `2 bi`iBM; iQ BMp2biB;i2 #Qmi /`QM2 M2irQ`Fb Q`
HbQ +HH2/ /`QM2 br`KbX JmHiB@lo bvbi2Kb +M +QHH#Q`iBp2Hv +QKTH2i2 KBbbBQMb KQ`2
2{+B2MiHv M/ 2+QMQKB+HHv b +QKT`2/ iQ bBM;H2 lo bvbi2KbX >Qr2p2`- i?2`2 `2 KMv
Bbbm2b iQ #2 `2bQHp2/ #27Q`2 2z2+iBp2 mb2 Q7 lob +M #2 K/2 iQ T`QpB/2 bi#H2 M/ `2HB#H2
M2irQ`FbX  h?2b2 bim/B2b `2 BK2/ iQ }M/ i?2 #2bi ~vBM; M/ +QKKmMB+iBQM +QM};m`iBQMb
7Q` /Bz2`2Mi TTHB+iBQMbX .Bz2`2Mi iQTQHQ;B2b H2/ iQ /Bz2`2Mi i?`Qm;?Tmib- br`K bBx2b M/
2z2+iBp2M2bbX
6B;m`2 8XR, V ai` +QM};m`iBQM- #V JmHiB@bi` +QM};m`iBQM- +V 6Hi K2b? M2irQ`F- /V >B2`@
`+?B+H K2b? M2irQ`F (k3)
8X9 JbbBp2 JAJP bvbi2Kb
JbbBp2 KmHiBTH2@BMTmi KmHiBTH2@QmiTmi Bb M 2K2`;BM; i2+?MQHQ;v 7Q` KQ#BH2 +QKKmMB+iBQMb
HbQ BK2/ iQ #2 BKTH2K2Mi2/ BM 7mim`2 8: bvbi2KbX h?2`2 ?p2 #22M bQK2 QM;QBM; bim/B2b iQ
BMp2biB;i2 i?2 TQbbB#H2 BKTH2K2MiiBQM Q7 i?Bb i2+?MQHQ;v 7Q` +QMi`QHHBM; M/ +QKKmMB+iBM;
/`QM2 br`Kb 7`QK ;`QmM/ biiBQMbX AM (Ry) i?2 mi?Q`b ?p2 #22M bim/vBM; i?2 +?B2p#H2
mTHBMF 7`QK lob iQ  :`QmM/ aiiBQM- M/ +T+Biv HBKBib QM b+2M`BQb r?2`2 bBM;H2 Mi2MM
B`+`7ib +QKKmMB+i2 iQ  ;`QmM/ biiBQM 2[mBTT2/ rBi?  H`;2 MmK#2` Q7 Mi2MMb- Hrvb
BK2/ i  HBM2 Q7 bB;?i +?MM2H #2?pBQm`X
Ai Bb b?QrM i?i #v BM+`2bBM; i?2 MmK#2` Q7 Mi2MMb i i?2 :a- i?2 mTHBMF +T+Biv Q7 lob
+M #2 BM+`2b2/ r?2M +QKT`2/ iQ bBM;H2 Mi2MM bvbi2K r?BH2 rBi?Qmi BM+`2bBM; loǶb
i`MbKBi TQr2`X Ai Bb HbQ b22M i?i mbBM; +B`+mH` TQH`Bb2/ Mi2MMb 2Bi?2` i i?2 :a Q` i?2
lo rQmH/ #2 #2M2}+BH iQ KBMiBM #2ii2` HBMF +QM/BiBQMbX
jk
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qBi? i?2 +QKTH2iBQM Q7 i?2 bm`p2v- r2 ?p2 ++QKTHBb?2/ i?2 KBM ;QHb Q7 i?2 T`QD2+iX
 #bBb HBi2`im`2 bQm`+2 ?b #22M ;Bp2M M/ Qz2`b i?2 KQbi BKTQ`iMi M/ `2+2Mi rQ`F
#Qmi +?MM2H KQ/2HHBM; 7Q` lo +QKKmMB+iBQMbX qBi? i?2 +HbbB}2/ M/ +?`+i2`Bb2/
}2H/b Q7 BKTQ`iM+2 QM : +?MM2H KQ/2HHBM;- 7mim`2 T`QD2+ib +M mb2 i?Bb bm`p2v BM Q`/2` iQ
#2M2}i QM i?2 b2`+? Q7 bim/B2b #Qmi i?2 iQTB+X
b r2 ?p2 b22M BM +?Ti2` : S`QT;iBQM +?MM2H +?`+i2`BbiB+b i?2`2 Bb biBHH  M2+2bbBiv
iQ biM/`Bx2 UM/ HbQ +?`+i2`Bx2V i?2 7`2[m2M+v #M/ mb;2 7Q` lo +QKKmMB+iBQMbX JMv
MQM@HB+2Mb2/ #M/b `2 biBHH #2BM; mb2/ M/ i?2 KDQ`Biv Q7 i?2 bim/B2b `2 7Q+mb2/ QM i?2KX
#Qmi i?2 Mi2MM +QM};m`iBQMb BM i?2b2 : HBMFb- r2 ?p2 b22M M2r /2bB;Mb M/ +m``2Mi
2tT2`BK2Mib `2 mbBM;- KQ`2 Q` H2bb- bBKBH` Mi2MMb 7Q` lo HBMFb Ub22M BM +?Ti2` lo
S`QT;iBQM b+2M`BQbVX
h?Bb bm`p2v +M #2 2ti2M/2/ 7Q+mbBM; QM Qi?2` +?MM2H T`K2i2`b bm+? b +?MM2H BKTmHb2
`2bTQMb2 KQ/2Hb- KmHiB@Ti? +QKTQM2Mi bim/B2b- 2tT2`BK2Mib QM /2Hv /BbT2`bBQM 7Q` /Bz2`2Mi
b+2M`BQb M/fQ` b+ii2`BM; 2z2+ib QM : +?MM2HbX 6mim`2 `2b2`+? QM i?Bb iQTB+ ?b #22M
BMi`Q/m+2/ M/ Kv HbQ #2 mb2/ iQ 2ti2M/ i?Bb bm`p2v rBi? i?2 `2b2`+? M/ b+B2MiB}+ TT2`b
#Qmi M2r i2+?MQHQ;B2b 7Q` lo +QKKmMB+iBQMbX
h?2 i?2Q`v #2?BM/ i?2 KBM +?MM2H KQ/2HHBM; T`K2i2`b ?b #22M +`BiB+HHv `2/ 7`QK
FMQrM mi?Q`b M/ mb2/ iQ BKT`Qp2 i?2 i2ti BM Q`/2` iQ r`Bi2- 7i2`r`/b- i?2 `2bmHib M/
+QM+HmbBQMb BM M mM/2`biM/#H2 M/ T`QT2` rvX
jj
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(R) GX 7QMbQ- LX aQmiQ- SX a2#biBQ- JX _B#2B`Q- hX hp`2b- M/ _X J`BM?2B`QX ǳ*2HHmH`
7Q` i?2 bFB2b, 1tTHQBiBM; KQ#BH2 M2irQ`F BM7`bi`m+im`2 7Q` HQr HiBim/2 B`@iQ@;`QmM/ +QK@
KmMB+iBQMbǴX AM, A111 2`QbT+2 M/ 1H2+i`QMB+ avbi2Kb J;xBM2 jRX3 Um;X kyReV-
TTX 9ĜRRX BbbM, y338@3N38X /QB, RyXRRyNfJ1aXkyReXR8yRdyX
(k) GX 7QMbQ- LX aQmiQ- SX a2#biBQ- JX _B#2B`Q- hX hp`2b- M/ _X J`BM?2B`QX ǳ*2HHmH`
7Q` i?2 bFB2b, 1tTHQBiBM; KQ#BH2 M2irQ`F BM7`bi`m+im`2 7Q` HQr HiBim/2 B`@iQ@;`QmM/ +QK@
KmMB+iBQMbǴX AM, A111 2`QbT+2 M/ 1H2+i`QMB+ avbi2Kb J;xBM2 jRX3 Um;X kyReV-
TTX 9ĜRRX BbbM, y338@3N38X /QB, RyXRRyNfJ1aXkyReXR8yRdyX
(j) SX EX ;vTQM;- JX ArKm`- .X ai2?H2- qX EB2bb- M/ X "2MD2##Qm`X ǳ.2bB;M +QM@
bB/2`iBQMb 7Q`  8: M2irQ`F `+?Bi2+im`2ǴX AM, A111 *QKKmMB+iBQMb J;xBM2 8kXRR
ULQpX kyR9V- TTX e8Ĝd8X BbbM, yRej@e3y9X /QB, RyXRRyNfJ*PJXkyR9XeN8dR98X
(9) LX ?K2/- aX aX EM?2`2- M/ aX C?X ǳPM i?2 BKTQ`iM+2 Q7 HBMF +?`+i2`BxiBQM 7Q`
2`BH rB`2H2bb b2MbQ` M2irQ`FbǴX AM, A111 *QKKmMB+iBQMb J;xBM2 89X8 UJv kyReV-
TTX 8kĜ8dX BbbM, yRej@e3y9X /QB, RyXRRyNfJ*PJXkyReXd9dyNj8X
(8) GX F?QQM/x/2?@bH- CX >BHH- CX CX Gm`BM- M/ JX _B2HX ǳLQp2H GQr S`Q}H2 qB/2#M/
JQMQTQH2 Mi2MM 7Q` pBQMB+b TTHB+iBQMbǴX AM, A111 h`Mb+iBQMb QM Mi2MMb M/
S`QT;iBQM eRXRR ULQpX kyRjV- TTX 8deeĜ8ddyX BbbM, yyR3@NkesX /QB, RyXRRyNfhSX
kyRjXkkddeR8X
(e) _X KQ`BK- >X L;mv2M- SX JQ;2Mb2M- AX wX EQp+b- CX qB;`/- M/ hX "X aǠ`2Mb2MX
ǳ_/BQ *?MM2H JQ/2HBM; 7Q` lo *QKKmMB+iBQM Pp2` *2HHmH` L2irQ`FbǴX AM, A111
qB`2H2bb *QKKmMB+iBQMb G2ii2`b eX9 Um;X kyRdV- TTX 8R9Ĝ8RdX BbbM, kRek@kjjdX /QB,
RyXRRyNfGq*XkyRdXkdRyy98X
(d) JX b/TQm`- "X oM /2M "2`;?- .X :BmbiBMBMQ- EX X >mKK2H- aX SQHHBM- M/ "X
SHiiM2`X ǳJB+`Q 2`BH p2?B+H2 M2irQ`Fb, M 2tT2`BK2MiH MHvbBb Q7 +?HH2M;2b M/
QTTQ`imMBiB2bǴX AM, A111 *QKKmMB+iBQMb J;xBM2 8kXd UCmHv kyR9V- TTX R9RĜR9NX BbbM,
yRej@e3y9X /QB, RyXRRyNfJ*PJXkyR9Xe38kyNeX
(3) CX 1X "2`;- _X "QrM/b- M/ 6X GQib2X ǳSi? HQbb M/ 7/BM; KQ/2Hb 7Q` KB+`Q+2HHb i
Nyy J>xǴX AM, (RNNk S`Q+22/BM;b) o2?B+mH` h2+?MQHQ;v aQ+B2iv 9kM/ oha *QM72`2M+2 @
6`QMiB2`b Q7 h2+?MQHQ;vX Jv RNNk- eeeĜedR pQHXkX
j9
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(N) sX *B- X :QMxH2x@SHx- .X HQMbQ- GX w?M;- *X "X _Q/`ő;m2x- X SX umbi2- M/
sX uBMX ǳGQr HiBim/2 lo T`QT;iBQM +?MM2H KQ/2HHBM;ǴX AM, kyRd RRi? 1m`QT2M
*QM72`2M+2 QM Mi2MMb M/ S`QT;iBQM U1l*SVX J`X kyRd- TTX R99jĜR99dX /QB,
RyXkjNRNf1m*SXkyRdXdNk39dNX
(Ry) SX *?M/?`- .X .M2p- M/ 1X :X G`bbQMX ǳJbbBp2 JAJP b 2M#H2` 7Q` +QKKmMB@
+iBQMb rBi? /`QM2 br`KbǴX AM, kyRe AMi2`MiBQMH *QM72`2M+2 QM lMKMM2/ B`+`7i
avbi2Kb UA*laVX CmM2 kyRe- TTX j9dĜj89X /QB, RyXRRyNfA*laXkyReXd8yke88X
(RR) CX *?2M- "X .M2b?`/- M/ q2BDmM w?mX ǳJAJP T2`7Q`KM+2 2pHmiBQM 7Q` B`#Q`M2
rB`2H2bb +QKKmMB+iBQM bvbi2KbǴX AM, kyRR @ JAG*PJ kyRR JBHBi`v *QKKmMB+iBQMb
*QM72`2M+2X LQpX kyRR- TTX R3kdĜR3jkX /QB, RyXRRyNfJAG*PJXkyRRXeRkd8d3X
(Rk) *X KX *?2M;- SX ?X >bBQ- >X hX EmM;- M/ .X oH?X ǳS2`7Q`KM+2 J2bm`2K2Mi Q7
3ykXRR qB`2H2bb GBMFb 7`QK lo iQ :`QmM/ LQ/2b rBi? o`BQmb Mi2MM P`B2MiiBQMbǴX
AM, S`Q+22/BM;b Q7 R8i? AMi2`MiBQMH *QM72`2M+2 QM *QKTmi2` *QKKmMB+iBQMb M/
L2irQ`FbX P+iX kyye- TTX jyjĜjy3X
(Rj) *X KX *?2M;- SX ?X >bBQ- >X hX EmM;- M/ .X oH?X ǳS2`7Q`KM+2 J2bm`2K2Mi Q7
3ykXRR qB`2H2bb GBMFb 7`QK lo iQ :`QmM/ LQ/2b rBi? o`BQmb Mi2MM P`B2MiiBQMbǴX
AM, S`Q+22/BM;b Q7 R8i? AMi2`MiBQMH *QM72`2M+2 QM *QKTmi2` *QKKmMB+iBQMb M/
L2irQ`FbX P+iX kyye- TTX jyjĜjy3X /QB, RyXRRyNfA***LXkyyeXk3ekNRX
(R9) *X KX *?2M;- SX ?X >bBQ- >X hX EmM;- M/ .X oH?X ǳS2`7Q`KM+2 J2bm`2K2Mi Q7
3ykXRR qB`2H2bb GBMFb 7`QK lo iQ :`QmM/ LQ/2b rBi? o`BQmb Mi2MM P`B2MiiBQMbǴX
AM, S`Q+22/BM;b Q7 R8i? AMi2`MiBQMH *QM72`2M+2 QM *QKTmi2` *QKKmMB+iBQMb M/
L2irQ`FbX P+iX kyye- TTX jyjĜjy3X /QB, RyXRRyNfA***LXkyyeXk3ekNRX
(R8) *X KX *?2M;- SX ?X >bBQ- >X hX EmM;- M/ .X oH?X ǳS2`7Q`KM+2 J2bm`2K2Mi Q7
3ykXRR qB`2H2bb GBMFb 7`QK lo iQ :`QmM/ LQ/2b rBi? o`BQmb Mi2MM P`B2MiiBQMbǴX
AM, S`Q+22/BM;b Q7 R8i? AMi2`MiBQMH *QM72`2M+2 QM *QKTmi2` *QKKmMB+iBQMb M/
L2irQ`FbX P+iX kyye- TTX jyjĜjy3X /QB, RyXRRyNfA***LXkyyeXk3ekNRX
(Re) CX _X *?BH/X ǳB`@iQ@;`QmM/ T`QT;iBQM i Nyy J>xǴX AM, j8i? A111 o2?B+mH` h2+?MQH@
Q;v *QM72`2M+2X oQHX j8X Jv RN38- TTX djĜ3yX /QB, RyXRRyNfoh*XRN38XRekjjj9X
(Rd) _X>X *H`F2X  aiiBbiB+H h?2Q`v Q7 JQ#BH2@_/BQ _2+2TiBQMX h?2 "2HH avbi2K h2+?MB+H
CQm`MH- RNe3X
(R3) j`/ 1/BiBQM *QMbiMiBM2 X "HMBbX Mi2MM h?2Q`v, MHvbBb M/ .2bB;MX qBH2v- kyy8X
(RN) X *Qbi- _X :QM+Hp2b- SX SBM?Q- M/ LX "X *`pH?QX ǳ.2bB;M Q7 lo M/ ;`QmM/
biiBQM Mi2MMb 7Q` +QKKmMB+iBQMb HBMF #m/;2i BKT`Qp2K2MiǴX AM, kyRd A111 AMi2`M@
iBQMH avKTQbBmK QM Mi2MMb M/ S`QT;iBQM laL*fl_aA LiBQMH _/BQ a+B2M+2
J22iBM;X CmHv kyRd- TTX kekdĜkek3X /QB, RyXRRyNfSlaL*l_aAL_aJXkyRdX3ydjj8eX
(ky) :`2;Q`v .X .m`;BMX aT+2@hBK2 qB`2H2bb *?MM2HbX S`2MiB+2 >HH- kyykX
(kR) :X .v2`- hX :X :BH#2`i- aX >2M`BFb2M- M/ 1X av/BMX ǳJQ#BH2 T`QT;iBQM K2bm`2@
K2Mib mbBM; *q M/ bHB/BM; +Q``2HiQ` i2+?MB[m2bǴX AM, A111 Mi2MMb M/ S`QT;@
iBQM aQ+B2iv AMi2`MiBQMH avKTQbBmKX RNN3 .B;2biX CmM2 RNN3- R3NeĜR3NN pQHX9X /QB,
RyXRRyNfSaXRNN3XdyR8d9X
(kk) oX 1`+2;- GX CX :`22Mbi2BM- aX uX hDM/`- aX _X S`FQz- X :mTi- "X EmHB+- X X
CmHBmb- M/ _X "BM+?BX ǳM 2KTB`B+HHv #b2/ Ti? HQbb KQ/2H 7Q` rB`2H2bb +?MM2Hb BM
bm#m`#M 2MpB`QMK2MibǴX AM, A111 CQm`MH QM a2H2+i2/ `2b BM *QKKmMB+iBQMb RdXd
UCmHv RNNNV- TTX Rky8ĜRkRRX BbbM, ydjj@3dReX /QB, RyXRRyNf9NXdd3Rd3X
(kj) 6+2#QQFX 6HvBM; [mBH, 1`Hv H2bbQMb 7`QK i?2 }`bi 7mHH@b+H2 i2bi ~B;?i M/ i?2 Ti?
?2/X ?iiTb,ff+Q/2X7+2#QQFX+QKfTQbibfke38N3eNyR3yR3NX CmHv kyReX
(k9) ZBtBM; 62M;- CX J+:22?M- 1X EX hK2?- M/ X _X LBtX ǳSi? GQbb JQ/2Hb 7Q` B`@iQ@
:`QmM/ _/BQ *?MM2Hb BM l`#M 1MpB`QMK2MibǴX AM, kyye A111 ej`/ o2?B+mH` h2+?MQH@
Q;v *QM72`2M+2X oQHX eX Jv kyye- TTX kNyRĜkNy8X /QB, RyXRRyNfo1h1*aXkyyeXRe3jjNNX
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(k8) JX CX :MbX ǳ TQr2`@bT2+i`H i?2Q`v Q7 T`QT;iBQM BM i?2 KQ#BH2@`/BQ 2MpB`QMK2MiǴX
AM, A111 h`Mb+iBQMb QM o2?B+mH` h2+?MQHQ;v kRXR U62#X RNdkV- TTX kdĜj3X BbbM, yyR3@
N898X /QB, RyXRRyNfh@ohXRNdkXkj9N8X
(ke) LX :Q//2K2B2`- EX .MB2H- M/ *X qB2i72H/X ǳ*Qp2`;2 2pHmiBQM Q7 rB`2H2bb M2irQ`Fb 7Q`
lMKMM2/ 2`BH avbi2KbǴX AM, kyRy A111 :HQ#2+QK qQ`Fb?QTbX .2+X kyRy- TTX RdeyĜ
Rde8X /QB, RyXRRyNf:GP*PJqXkyRyX8dyyk99X
(kd) M/`2 :QH/bKBi?X qB`2H2bb *QKKmMB+iBQMbX aiM7Q`/ lMBp2`bBiv- kyy9X
(k3) GX :mTi- _X CBM- M/ :X obxFmMX ǳam`p2v Q7 AKTQ`iMi Abbm2b BM lo *QKKmMB+@
iBQM L2irQ`FbǴX AM, A111 *QKKmMB+iBQMb am`p2vb hmiQ`BHb R3Xk Ua2+QM/[m`i2` kyReV-
TTX RRkjĜRR8kX BbbM, R88j@3ddsX /QB, RyXRRyNf*PJahXkyR8Xk9N8kNdX
(kN) X H@>Qm`MB- aX EM/22TM- M/ aX G`/M2`X ǳPTiBKH GS HiBim/2 7Q` JtBKmK
*Qp2`;2ǴX AM, A111 qB`2H2bb *QKKmMB+iBQMb G2ii2`b jXe U.2+X kyR9V- TTX 8eNĜ8dkX
BbbM, kRek@kjjdX /QB, RyXRRyNfGq*XkyR9Xkj9kdjeX
(jy) JX A#`?BK M/ >X `bHMX ǳB`@:`QmM/ .QTTH2`@/2Hv bT`2/ bT2+i`mK 7Q` /2Mb2 b+i@
i2`BM; 2MpB`QMK2MibǴX AM, JAG*PJ kyR8 @ kyR8 A111 JBHBi`v *QKKmMB+iBQMb *QM@
72`2M+2X P+iX kyR8- TTX ReeRĜReeeX /QB, RyXRRyNfJAG*PJXkyR8Xdj8de3jX
(jR) "``v _X SX C+FbQMX ǳh2H2K2i`v- *QKKM/ M/ *QMi`QH Q7 lb BM i?2 LiBQMH
B`bT+2ǴX AM, AMi2`MiBQMH 6QmM/iBQM 7Q` h2H2K2i2`BM;X m`H, ?iiT,ff?/HX?M/H2X
M2ifRyR8yf8NejNRX
(jk) qX*X CF2bX JB+`Qrp2 JQ#BH2 *QKKmMB+iBQMbX qBH2v- RNd9X
(jj) CX E`2/H- 6X hm7p2bbQM- LX *xBMF- X SB2`- *X .mK`/- hX w2K2M- *X 6X J2+FH2M@
#`mF2`- M/ X 6X JQHBb+?X ǳ ;2QK2i`v@#b2/ biQ+?biB+ JAJP KQ/2H 7Q` p2?B+H2@iQ@
p2?B+H2 +QKKmMB+iBQMbǴX AM, A111 h`Mb+iBQMb QM qB`2H2bb *QKKmMB+iBQMb 3Xd UCmHv
kyyNV- TTX je9eĜje8dX BbbM, R8je@RkdeX /QB, RyXRRyNfhq*XkyyNXy3yd8jX
(j9) aX EmH- EX _K+?M/`M- SX a?MF`- aX P?- JX :`mi2b2`- AX a2bF`- M/ hX L/22KX
ǳ1z2+i Q7 Mi2MM SH+2K2Mi M/ .Bp2`bBiv QM o2?B+mH` L2irQ`F *QKKmMB+iBQMbǴX
AM, kyyd 9i? MMmH A111 *QKKmMB+iBQMb aQ+B2iv *QM72`2M+2 QM a2MbQ`- J2b? M/
/ >Q+ *QKKmMB+iBQMb M/ L2irQ`FbX CmM2 kyyd- TTX RRkĜRkRX /QB, RyXRRyNfa>*LX
kyydX9kNk3kjX
(j8) "X E2`+x2rbFBX ǳaT2+i`mK 7Q` la +QMi`QH M/ LQM@SvHQ/ *QKKmMB+iBQMbǴX AM, kyRj
AMi2;`i2/ *QKKmMB+iBQMb- LpB;iBQM M/ am`p2BHHM+2 *QM72`2M+2 UA*LaVX T`X kyRj-
TTX RĜkRX /QB, RyXRRyNfA*Lam`pXkyRjXe893eeeX
(je) qX E?rD- AX :mp2M+- M/ .X JiQHFX ǳlq" *?MM2H aQmM/BM; M/ JQ/2HBM; 7Q`
lo B`@iQ@:`QmM/ S`QT;iBQM *?MM2HbǴX AM, kyRe A111 :HQ#H *QKKmMB+iBQMb
*QM72`2M+2 U:GP"1*PJVX .2+X kyRe- TTX RĜdX
(jd) qX E?rD- PX Px/2KB`- M/ AX :mp2M+X ǳlo B`@iQ@:`QmM/ *?MM2H *?`+i2`@
BxiBQM 7Q` KKqp2 avbi2KbǴX AM, kyRd A111 3ei? o2?B+mH` h2+?MQHQ;v *QM72`2M+2
Uoh*@6HHVX a2TiX kyRd- TTX RĜ8X /QB, RyXRRyNfoh*6HHXkyRdX3k33jdeX
(j3) >X hX EmM;- *X EX GBM- hX >X GBM- aX CX h`b- M/ .X oH?X ǳJ2bm`BM; /Bp2`bBiv QM
 HQr@HiBim/2 lo BM  ;`QmM/@iQ@B` rB`2H2bb 3ykXRR K2b? M2irQ`FǴX AM, kyRy A111
:HQ#2+QK qQ`Fb?QTbX .2+X kyRy- TTX RdNNĜR3y9X /QB, RyXRRyNf:GP*PJqXkyRyX8dyyk8RX
(jN) CX EmMBb+?- AX /2 H hQ``2- X qBMF2HKMM- JX 1m#2- M/ hX 6mbbX ǳqB/2#M/ iBK2@
p`BMi B`@iQ@;`QmM/ `/BQ +?MM2H K2bm`2K2Mib i 8 :>xǴX AM, S`Q+22/BM;b Q7 i?2 8i?
1m`QT2M *QM72`2M+2 QM Mi2MMb M/ S`QT;iBQM U1l*SVX T`X kyRR- TTX Rj3eĜ
RjNyX
(9y) *m`i X G2pBb- CQ2H hX CQ?MbQM- M/ 62`MM/Q GX h2Bt2B`X _/BQrp2 S`QT;iBQM,
S?vbB+b M/ TTHB+iBQMbX qBH2v M/ aQMb- kyRyX
je
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(9R) .X qX JiQHFX ǳB`@;`QmM/ +?MM2Hb KTc KQ/2Hb, *QKT`2?2MbBp2 `2pB2r M/ +QMbB/2`@
iBQMb 7Q` mMKMM2/ B`+`7i bvbi2KbǴX AM, kyRk A111 2`QbT+2 *QM72`2M+2X J`X kyRk-
TTX RĜRdX /QB, RyXRRyNf1_PXkyRkXeR3dR8kX
(9k) .X qX JiQHFX ǳ*?MM2H +?`+i2`BxiBQM 7Q` mMKMM2/ B`+`7i bvbi2KbǴX AM, kyR8 Ni?
1m`QT2M *QM72`2M+2 QM Mi2MMb M/ S`QT;iBQM U1m*SVX Jv kyR8- TTX RĜ8X
(9j) .X qX JiQHFX ǳ*?MM2H JQ/2HBM; 7Q` o2?B+H2@hQ@o2?B+H2 *QKKmMB+iBQMbǴX AM, A111
*QKKmMB+iBQMb J;xBM2 9eX8 UJv kyy3V- TTX deĜ3jX BbbM, yRej@e3y9X /QB, RyXRRyNf
J*PJXkyy3X98RRe8jX
(99) .X qX JiQHF M/ _X amMX ǳB` tkyRjc:`QmM/ *?MM2H *?`+i2`BxiBQM 7Q` lMKMM2/
B`+`7i avbi2Kb tkyR9cS`i A, J2i?Q/b- J2bm`2K2Mib- M/ JQ/2Hb 7Q` Pp2`@qi2`
a2iiBM;bǴX AM, A111 h`Mb+iBQMb QM o2?B+mH` h2+?MQHQ;v eeXR UCMX kyRdV- TTX keĜ99X
BbbM, yyR3@N898X /QB, RyXRRyNfhohXkyReXk8jyjyeX
(98) .X qX JiQHF M/ _X amMX ǳB` t3kRRc:`QmM/ *?MM2H *?`+i2`BxiBQM 7Q` lMKMM2/
B`+`7i avbi2Kb t3kRkcS`i AAA, h?2 am#m`#M M/ L2`@l`#M 1MpB`QMK2MibǴX AM,
A111 h`Mb+iBQMb QM o2?B+mH` h2+?MQHQ;v eeX3 Um;X kyRdV- TTX eeydĜeeR3X BbbM,
yyR3@N898X /QB, RyXRRyNfhohXkyRdXke8Ne8RX
(9e) .X qX JiQHF M/ _X amMX ǳB`@:`QmM/ *?MM2H *?`+i2`BxiBQM 7Q` lMKMM2/ B`@
+`7i avbi2Kb, h?2 >BHHv am#m`#M 1MpB`QMK2MiǴX AM, kyR9 A111 3yi? o2?B+mH` h2+?@
MQHQ;v *QM72`2M+2 Uoh*kyR9@6HHVX a2TiX kyR9- TTX RĜ8X /QB, RyXRRyNfoh*6HHXkyR9X
eNe83eRX
(9d) .X qX JiQHF M/ _X amMX ǳB`@;`QmM/ +?MM2H +?`+i2`BxiBQM 7Q` mMKMM2/ B`@
+`7i bvbi2Kb, h?2 M2`@m`#M 2MpB`QMK2MiǴX AM, JAG*PJ kyR8 @ kyR8 A111 JBHBi`v
*QKKmMB+iBQMb *QM72`2M+2X P+iX kyR8- TTX Re8eĜReeyX /QB, RyXRRyNfJAG*PJXkyR8X
dj8de3kX
(93) .X qX JiQHF M/ _X amMX ǳB`@;`QmM/ +?MM2H +?`+i2`BxiBQM 7Q` mMKMM2/ B`+`7i
bvbi2Kb, h?2 Qp2`@7`2b?ri2` b2iiBM;ǴX AM, kyR9 AMi2;`i2/ *QKKmMB+iBQMb- LpB;iBQM
M/ am`p2BHHM+2 *QM72`2M+2 UA*LaV *QM72`2M+2 S`Q+22/BM;bX T`X kyR9- ER@R@ER@NX /QB,
RyXRRyNfA*Lam`pXkyR9Xe3RNNNeX
(9N) .X qX JiQHF M/ _X amMX ǳB`@;`QmM/ +?MM2Hb 7Q` la, amKK`v Q7 K2bm`2K2Mib
M/ KQ/2Hb 7Q` G@ M/ *@#M/bǴX AM, kyRe AMi2;`i2/ *QKKmMB+iBQMb LpB;iBQM M/
am`p2BHHM+2 UA*LaVX T`X kyRe- 3"k@R@3"k@RRX /QB, RyXRRyNfA*Lal_oXkyReXd93ej3yX
(8y) .X qX JiQHF M/ _X amMX ǳMi2MM M/ 7`2[m2M+v /Bp2`bBiv BM i?2 mMKMM2/ B`+`7i
bvbi2Kb #M/b 7Q` i?2 Qp2`@b2 b2iiBM;ǴX AM, kyR9 A111fA jj`/ .B;BiH pBQMB+b
avbi2Kb *QM72`2M+2 U.a*VX P+iX kyR9- e9@R@e9@RyX /QB, RyXRRyNf.a*XkyR9X
eNdN9N8X
(8R) uX aX J2M; M/ uX >X G22X ǳJ2bm`2K2Mib M/ *?`+i2`BxiBQMb Q7 B`@iQ@:`QmM/
*?MM2H Pp2` a2 am`7+2 i *@"M/ qBi? GQr B`#Q`M2 HiBim/2bǴX AM, A111 h`Mb@
+iBQMb QM o2?B+mH` h2+?MQHQ;v eyX9 UJv kyRRV- TTX RN9jĜRN93X BbbM, yyR3@N898X /QB,
RyXRRyNfhohXkyRRXkRjeje9X
(8k) uX aX J2M; M/ uX >X G22X ǳJ2bm`2K2Mib M/ *?`+i2`BxiBQMb Q7 B`@iQ@:`QmM/
*?MM2H Pp2` a2 am`7+2 i *@"M/ qBi? GQr B`#Q`M2 HiBim/2bǴX AM, A111 h`Mb@
+iBQMb QM o2?B+mH` h2+?MQHQ;v eyX9 UJv kyRRV- TTX RN9jĜRN93X BbbM, yyR3@N898X /QB,
RyXRRyNfhohXkyRRXkRjeje9X
(8j) hX SX JmHF2`BMX ǳG@"M/ *QKK2`+BH *QKKmMB+iBQMb a2`pB+2 7Q` lMKMM2/ B`+`7i
avbi2KbǴX AM, kyyd AMi2;`i2/ *QKKmMB+iBQMb- LpB;iBQM M/ am`p2BHHM+2 *QM72`2M+2X
T`X kyyd- TTX RĜ3X /QB, RyXRRyNfA*Lal_oXkyydXj39RdyX
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(89) qX :X L2r?HH- _X JQbi7- *X .B2i`B+?- *X _X M/2`bQM- EX .B2ix2- :X CQb?B- M/ CX >X
_22/X ǳQ B`@iQ@;`QmM/ `/BQ +?MM2H K2bm`2K2Mib mbBM; M Mi2MM ``v i k :>x
7Q` HQr@HiBim/2 QT2`iBQMbǴX AM, A111 JBHBi`v *QKKmMB+iBQMb *QM72`2M+2- kyyjX JAG@
*PJ kyyjX oQHX kX P+iX kyyj- R9kkĜR9kd oQHXkX /QB, RyXRRyNfJAG*PJXkyyjXRkNy9jeX
(88) qX :X L2r?HH- _X JQbi7- *X .B2i`B+?- *X _X M/2`bQM- EX .B2ix2- :X CQb?B- M/ CX >X
_22/X ǳqB/2#M/ B`@iQ@;`QmM/ `/BQ +?MM2H K2bm`2K2Mib mbBM; M Mi2MM ``v
i k :>x 7Q` HQr@HiBim/2 QT2`iBQMbǴX AM, A111 JBHBi`v *QKKmMB+iBQMb *QM72`2M+2-
kyyjX JAG*PJ kyyjX oQHX kX P+iX kyyj- R9kkĜR9kd oQHXkX /QB, RyXRRyNfJAG*PJXkyyjX
RkNy9jeX
(8e) JX LQb`iB- X C7`;?QHB- M/ LX hpbbQHBMX ǳ #`Q/#M/ #H/2 /BTQH2 Mi2MM 7Q`
lo TTHB+iBQMbǴX AM, kyRe A111 AMi2`MiBQMH avKTQbBmK QM Mi2MMb M/ S`QT;@
iBQM USal_aAVX CmM2 kyRe- TTX RdddĜRdd3X /QB, RyXRRyNfSaXkyReXdeNe8N8X
(8d) 6X PMQ- EX hFBxr- >X hbmDB- M/ _X JBm`X ǳa@#M/ `/BQ T`QT;iBQM +?`+i2`BbiB+b
BM m`#M 2MpB`QMK2Mi 7Q` mMKMM2/ B`+`7i bvbi2KbǴX AM, kyR8 AMi2`MiBQMH avKTQbBmK
QM Mi2MMb M/ S`QT;iBQM UAaSVX LQpX kyR8- TTX RĜ9X
(83) CX 6X PbbMMX ǳ KQ/2H 7Q` KQ#BH2 `/BQ 7/BM; /m2 iQ #mBH/BM; `2~2+iBQMb, h?2Q`2iB+H
M/ 2tT2`BK2MiH 7/BM; rp27Q`K TQr2` bT2+i`ǴX AM, h?2 "2HH avbi2K h2+?MB+H CQm`MH
9jXe ULQpX RNe9V- TTX kNj8ĜkNdRX BbbM, yyy8@383yX /QB, RyXRyykfDXR8j3@djy8XRNe9X
i#yRyj9XtX
(8N) X Pbb2B`M- 6X "Q++`/B- oX "`mM- EX EmbmK2- SX J`b+?- JX Ji2`MB- PX Zm2b2i?-
JX a+?2HHKMM- >X a+?Qii2M- >X hQF- >X hmHH#2`;- JX X lmbBiHQ- "X hBKmb- M/
JX 6HH;`2MX ǳa+2M`BQb 7Q` 8: KQ#BH2 M/ rB`2H2bb +QKKmMB+iBQMb, i?2 pBbBQM Q7 i?2
J1hAa T`QD2+iǴX AM, A111 *QKKmMB+iBQMb J;xBM2 8kX8 UJv kyR9V- TTX keĜj8X BbbM,
yRej@e3y9X /QB, RyXRRyNfJ*PJXkyR9Xe3R83NyX
(ey) CX SBMi2`- aX :mTi- M/ GX qBHbQMX ǳJmHiBTi? JQ/2HBM; 7Q` 2`QMmiB+H *QKKmMB+@
iBQMbǴX AM, A111 h`Mb+iBQMb QM *QKKmMB+iBQMb kRX8 UJv RNdjV- TTX e83ĜeekX BbbM,
yyNy@edd3X /QB, RyXRRyNfh*PJXRNdjXRyNRdy9X
(eR) ZmH+QKKX G2/BM; i?2 rQ`H/ iQ 8:, 1pQHpBM; +2HHmH` i2+?MQHQ;B2b 7Q` b72` /`QM2 QT@
2`iBQMX ?iiTb,ffrrrX[mH+QKKX+QKf/Q+mK2MibfH2/BM;@ rQ`H/@ 8;@ 2pQHpBM;@
+2HHmH`@i2+?MQHQ;B2b@b72`@/`QM2@QT2`iBQMX a2TiX kyReX
(ek) h?2Q/Q`2 _TTTQ`iX qB`2H2bb *QKKmMB+iBQMb- S`BM+BTH2b M/ S`+iB+2X A111- RNNeX
(ej) aXPX _B+2X Ji?2KiB+H MHvbBb Q7 _M/QK LQBb2X h?2 "2HH avbi2K h2+?MB+H CQm`MH-
RN98X
(e9) CX _QK2m- X ;mb+- CX HQMbQ- aX "HM+?- M/ _X _X J`iBMbX ǳaKHH lo `/BQ+QK@
KmMB+iBQM +?MM2H +?`+i2`BxiBQMǴX AM, S`Q+22/BM;b Q7 i?2 6Qm`i? 1m`QT2M *QM72`2M+2
QM Mi2MMb M/ S`QT;iBQMX T`X kyRy- TTX RĜ8X
(e8) X _X _m//H2X ǳaBKmHiBQM Q7 7`@}2H/ +?`+i2`BbiB+b M/ K2bm`2K2Mi i2+?MB[m2b 7Q`
p2?B+H2@KQmMi2/ Mi2MMbǴX AM, A11 *QHHQ[mBmK QM Mi2MMb 7Q` miQKQiBp2b U_27X LQX
kyyyfyykVX kyyy- TTX dfRĜdf3X
(ee) JX aBKmM2F- 6X SX 6QMiM- M/ SX S2+?+X ǳh?2 lo GQr 1H2piBQM S`QT;iBQM *?MM2H
BM l`#M `2b, aiiBbiB+H MHvbBb M/ hBK2@a2`B2b :2M2`iQ`ǴX AM, A111 h`Mb+iBQMb
QM Mi2MMb M/ S`QT;iBQM eRXd UCmHv kyRjV- TTX j38yĜj383X BbbM, yyR3@NkesX
(ed) _X amM M/ .X qX JiQHFX ǳB` tkyRjc:`QmM/ *?MM2H *?`+i2`BxiBQM 7Q` lMKMM2/
B`+`7i avbi2Kb S`i AA, >BHHv M/ JQmMiBMQmb a2iiBM;bǴX AM, A111 h`Mb+iBQMb QM
o2?B+mH` h2+?MQHQ;v eeXj UJ`X kyRdV- TTX RNRjĜRNk8X BbbM, yyR3@N898X /QB, RyXRRyNf
hohXkyReXk8388y9X
(e3) _X amM M/ .X qX JiQHFX ǳPp2`@>`#Q` *?MM2H JQ/2HBM; rBi? .B`2+iBQMH :`QmM/
aiiBQM Mi2MMb 7Q` i?2 B`@:`QmM/ *?MM2HǴX AM, kyR9 A111 JBHBi`v *QKKmMB+iBQMb
*QM72`2M+2X P+iX kyR9- TTX j3kĜj3dX /QB, RyXRRyNfJAG*PJXkyR9XeNX
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(eN) EX hFBxr- hX E;r- aX GBM- 6X PMQ- >X hbmDB- M/ _X JBm`X ǳ*@#M/ B`+`7i@
iQ@;`QmM/ Uk:V `/BQ +?MM2H K2bm`2K2Mi 7Q` mMKMM2/ B`+`7i bvbi2KbǴX AM, kyR9
AMi2`MiBQMH avKTQbBmK QM qB`2H2bb S2`bQMH JmHiBK2/B *QKKmMB+iBQMb UqSJ*VX
a2TiX kyR9- TTX d89Ĝd83X /QB, RyXRRyNfqSJ*XkyR9XdyR9NReX
(dy) hX hp`2b- SX a2#biBQ- LX aQmiQ- 6X CX o2H2x- 6X *2`+b- JX _B#2B`Q- M/ X *Q``2BX
ǳ:2M2`HBx2/ GlA S`QT;iBQM JQ/2H 7Q` lob *QKKmMB+iBQMb lbBM; h2``2bi`BH *2H@
HmH` L2irQ`FbǴX AM, kyR8 A111 3kM/ o2?B+mH` h2+?MQHQ;v *QM72`2M+2 Uoh*kyR8@6HHVX
a2TiX kyR8- TTX RĜeX /QB, RyXRRyNfoh*6HHXkyR8XdjNyNejX
(dR) >X .X hm M/ aX a?BKKQiQX ǳ S`QTQbH Q7 qB/2@"M/ B`@iQ@:`QmM/ *QKKmMB+iBQM
i B`TQ`ib 1KTHQvBM; 8@:>x "M/ǴX AM, kyyN A111 qB`2H2bb *QKKmMB+iBQMb M/
L2irQ`FBM; *QM72`2M+2X T`X kyyN- TTX RĜeX /QB, RyXRRyNfq*L*XkyyNX9NRd8j3X
(dk) AMi2`MiBQMH h2H2+QKKmMB+iBQMb lMBQMX *?`+i2`BbiB+b Q7 mMKMM2/ B`+`7i bvbi2Kb
M/ bT2+i`mK `2[mB`2K2Mib iQ bmTTQ`i i?2B` b72 QT2`iBQM BM MQM@b2;`2;i2/ B`bT+2X
?iiTb,ffrrrXBimXBMif/KbnTm#fBim@`fQT#f`2Tf_@_1S@JXkRdR@kyyN@S.6@1XT/7X
kyyNX
(dj) qX o2`;`- CX G2piB+?- M/ hX *``QHHX ǳo>6 B`@;`QmM/ T`QT;iBQM 7` #2vQM/ i?2
?Q`BxQM M/ i`QTQbT?2`B+ bi#BHBivǴX AM, A_1 h`Mb+iBQMb QM Mi2MMb M/ S`QT;iBQM
RyX8 Ua2TiX RNekV- TTX ey3ĜekRX BbbM, yyNe@RNdjX /QB, RyXRRyNfhSXRNekXRRjdNReX
(d9) JX q2Mix M/ JX aiQDMQpB+X ǳ JAJP _/BQ *?MM2H JQ/2H 7Q` GQr@HiBim/2 B`@iQ@
:`QmM/ *QKKmMB+iBQM avbi2KbǴX AM, kyR8 A111 3kM/ o2?B+mH` h2+?MQHQ;v *QM72`2M+2
Uoh*kyR8@6HHVX a2TiX kyR8- TTX RĜeX /QB, RyXRRyNfoh*6HHXkyR8XdjNydNdX
(d8) .X qm- sX *?2M- GX uM;- :X 6m- M/ sX a?BX ǳ*QKT+i M/ GQr@S`Q}H2 PKMB/B`2+iBQMH
*B`+mH`Hv SQH`Bx2/ Mi2MM qBi? 6Qm` *QmTHBM; `+b 7Q` lo TTHB+iBQMbǴX AM, A111
Mi2MMb M/ qB`2H2bb S`QT;iBQM G2ii2`b Re UkyRdV- TTX kNRNĜkNkkX BbbM, R8je@Rkk8X
/QB, RyXRRyNfGqSXkyRdXkd8kj83X
(de) CX uM;- SX GBm- M/ >X JQX ǳJQ/2H M/ aBKmHiBQM Q7 L``Qr#M/ :`QmM/@iQ@B` 6/@
BM; *?MM2H "b2/ QM J`FQp S`Q+2bbǴX AM, kyRR AMi2`MiBQMH *QM72`2M+2 QM L2irQ`F
*QKTmiBM; M/ AM7Q`KiBQM a2+m`BivX oQHX RX Jv kyRR- TTX R9kĜR9eX /QB, RyXRRyNf
L*AaXkyRRXjdX
(dd) 1X uMKx- _X Emb+?MB;- M/ *X "2iibi2ii2`X ǳ+?B2pBM; B`@;`QmM/ +QKKmMB+iBQMb
BM 3ykXRR M2irQ`Fb rBi? i?`22@/BK2MbBQMH 2`BH KQ#BHBivǴX AM, kyRj S`Q+22/BM;b A111
AL6P*PJX T`X kyRj- TTX RkyĜRk9X /QB, RyXRRyNfAL6*PJXkyRjXe8eed9dX
(d3) 1X uMKx- _X Emb+?MB;- M/ *X "2iibi2ii2`X ǳ+?B2pBM; B`@;`QmM/ +QKKmMB+iBQMb
BM 3ykXRR M2irQ`Fb rBi? i?`22@/BK2MbBQMH 2`BH KQ#BHBivǴX AM, kyRj S`Q+22/BM;b A111
AL6P*PJX T`X kyRj- TTX RkyĜRk9X /QB, RyXRRyNfAL6*PJXkyRjXe8eed9dX
(dN) 1X uMKx- _X Emb+?MB;- M/ *X "2iibi2ii2`X ǳ*?MM2H K2bm`2K2Mib Qp2` 3ykXRR@#b2/
lo@iQ@;`QmM/ HBMFbǴX AM, kyRR A111 :GP"1*PJqQ`Fb?QTb U:* qFb?TbVX .2+X kyRR-
TTX Rk3yĜRk39X /QB, RyXRRyNf:GP*PJqXkyRRXeRekj3NX
(3y) aX uQQM- CX hF- CX *?QB- M/ uX JX S`FX ǳ*QM7Q`KH KQMQTQH` Mi2MM 7Q` lo
TTHB+iBQMbǴX AM, kyRd A111 AMi2`MiBQMH avKTQbBmK QM Mi2MMb M/ S`QT;iBQM
laL*fl_aA LiBQMH _/BQ a+B2M+2 J22iBM;X CmHv kyRd- TTX 8RdĜ8R3X /QB, RyXRRyNf
SlaL*l_aAL_aJXkyRdX3ydkjyRX
(3R) uX w2M;- _X w?M;- M/ hX CX GBKX ǳqB`2H2bb +QKKmMB+iBQMb rBi? mMKMM2/ 2`BH
p2?B+H2b, QTTQ`imMBiB2b M/ +?HH2M;2bǴX AM, A111 *QKKmMB+iBQMb J;xBM2 89X8 UJv
kyReV- TTX jeĜ9kX BbbM, yRej@e3y9X /QB, RyXRRyNfJ*PJXkyReXd9dyNjjX
jN

